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PROF. PÁL GREGUSS IS 85 YEARS OLD 
Dr. P Á L G R E G U S S , Kossuth-Prize Winner, Professor Emeritus of Attila József 
University, Doctor of Biological Sciences, member of several Hungarian and foreign 
scientific societies, was eighty-five years old on December 31st 1974. At the celebra-
tion arranged in his honour he was warmly greeted by official functionaries, and 
by his pupils, acquaintances and friends. 
In the first part of the celebration, the Rector of the University, Prof. G É Z A F O D O R , 
addressed Professor G R E G U S S in the senate-house of the University, presenting him 
with a letter of congratulation from the Minister of Education, Dr. K Á R O L Y 
P O L I N S Z K Y : 
" D e a r Professor, 
Please permii m e to offer you my sincere congra iu la t ions o n the occasion of your eighty-fifth 
bir thday. In paying t r ibute to you r course of life and activity, I a m greeting not only the Kossuth-
Prize winning scientist, but the University professor as well, w h o has always been widely esteemed, 
and w h o enjoys a high reputat ion in the field of higher educat ion for his exemplary educational work . 
I wish you good health and a long life to be spent in delight and happy contentment . Yours 
s i n c e r e l y : D r . KÁROLY POLINSZKY". 
Subsequently, in the flower-decorated biological lecture-room of the University 
a joint session was held in honour of Professor G R E G U S S by the Szeged Division 
of the Hungarian Biological Society, the Biological Committee of Attila József 
University, and the Biological Committee of the Szeged Division of the Hungarian 
Academy of Sciences. The following address was first delivered by Dr. A N D R Á S 
G A R A Y , Corresponding Member of the Hungarian Academy of Sciences, President 
of the Szeged Division of the Hungarian Biological Society: 
"Lad ies and Get lemen, dear Professor GREGUSS, 
Permit me to greet you in the name of each of the members of the Hungar ian Biological 
Society, whether in Szeged or not , on the occasion of your eighty-fifth bir thday. 
After being informed that , as President of the Division. I had to deliver some words of greeting, 
I asked for the advice of several members of our Society as to what I should say in the f r ame of 
our good wishes. I felt this enqui ry t o be my duty as I had to express the congra tu la t ions of us all. 
The first reflection of everybody of course was, to wish you a long life to come rich in work. Fol-
lowing that , o u r colleagues ment ioned the most varied things. Some of them emphasized the pro-
fessional continuity and stability in your work ; o thers accentuated, qui te in contrast , y o u r com-
prehensiveness and dynamism. I a m convinced that both of these opinions are equally t rue . You 
have dealt with xylotomy for the sixty-five years of your industr ious life, with undiminished energy 
and the greatest profoundness . This, however, did not prevent you f rom responding sensitively 
4 I. H O R V Á T H 
to any novelty emerging even in remote fields. Only very rarely does one encounter a researcher 
capable of harmoniz ing continuity and devot ion to a single subject with dynamism a n d a b r o a d 
out look. Overall , you have succeeded in achieving the ha rmony of the researcher and pedagogue 
in your life. 
Another considerable aspect was frequent ly mentioned as well, namely tha t you have always 
regarded administrat ion as of secondary impor tance and given your a t tent ion to the essence of the 
work. 1 think that this positive characteristic c a n n o t be emphasized sufficiently in a period when so 
many problems are caused by excessive bureaucracy. I a m convinced that beneath this seemingly minor 
facet a very important feature is concealed, with a gift fo r seeing the essence. 
In expressing the best wishes of every member of the Hungar ian Biological Society to you , 
therefore. 1 a m expressing our grat i tude as well, for promot ing science considerably in a narrow-
field. and thereby winning renown for this count ry . T h a n k s to you r educat ional activity, o u r th ink ing 
could never be narrowed down to a single line but was able to survey the whole hor izon . I wish 
t o express, therefore, the grat i tude and congra tu la t ions of every member of the Hungar ian Biological 
Society, wishing you a long creative life, and begging you to keep on teaching us in both educa t iona l 
and scientific respects". 
Vice-Rector Dr. J Á N O S H E V E S I next addressed the professor in the names of 
the Senate and the Rector of the University: 
" M r . Cha i rman , Ladies and Get lemen. dear Professor GREGUSS. 
I was honoured with the request of Dr . KÁROLY POLINSZKY. Minister of Educat ion , t o read 
a t this session his letter addressed to Professor PÁL GREGUSS. I should like to in form the aud ience 
that the Rector of our University has a l ready handed the letter f rom the Minister t o Professor 
GREGUSS and greeted him in the name of the University Senate as well. 
I must end by again congra tu la t ing y o u . Professor GREGUSS, on behalf of the Universi ty 
Senate and in my own name too. I wish you that you may live and work fo r a long time to come 
in good health, doing h o n o u r to our University, and raising its scientific reputa t ion . We a re much 
indebted to you for your devoted pedagogic activity, a n d fo r educat ing a great number of well-
t rained teachers fo r this country . May your fur ther work be accompanied in this area too by good 
luck and success". 
Dr. G Á B O R F A R K A S , Corresponding Member of the Hungarian Academy of 
Sciences, Vice-President of the Biological Division of the Hungarian Academy of 
Sciences, delivered the following address: 
"Dear Professor G R E G U S S . 
Allow me to express my sincere best wishes on the occasion of your eighty-fifth b i r thday , in the 
names of the Division of Biological Sciences of the Hungar ian Academy of Sciences a n d of the 
President of the Division. 
The Hungar ian Academy of Sciences a n d . within this, the Division of Biological Sciences 
have always followed your activity with grea t at tent ion, interest a n d high regard, and have professed 
great esteem for it. Your love for, and devot ion to scientific work may , even today, be a mode l for 
the young generat ion of research workers . W e wish you to remain in good health a creat ive mem-
ber of our"scientific life, with similar enthusiasm a n d fo r many long years" . 
Dr. E R Z S É B E T S. K Ö V E S , Vice-Dean of the Faculty of Science of Attila József 
University, a one-time pupil of Professor G R E G U S S , greeted the renowned professor, 
scientist, teacher, and educator in the name of the Faculty of Science. 
Dr. I M R E H O R V Á T H , President of the Biological Committee of Attila József 
University, pupil of Professor Greguss. addressed the celebrated professor as follows: 
" D e a r P r o f e s s o r G R E G U S S , 
On the occasion of your eighty-fifth b i r thday I greet you in the names of the Biological Commi t t ee 
of Attila József University, the Depar tment of Botany and the Botanical Garden a n d myself , as 
a one-t ime pupil. 
In the course of a festive address it would be difficult t o give an appreciat ion of you r pedagogic 
and research work of more than sixty years. Permit me, therefore, to ment ion rather some quest ions 
of personal character . Professor GREGUSS has several qualities that a re fundamen ta l fo r achieving 
scientific results. I shall emphasize only th ree of these: 
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The first one : The ability t o shape a scientific conception f rom a comprehensive amount of 
knowledge. Professor Greguss was capable of doing that nearly sixty years ago, putt ing forward 
ihe concept ion of the trifiletic evolutionary theory of ihe vegetable kingdom. (The phylogeny of 
sexuality and triphyletic evolution of the landplants.) 
The second important quali ty is hard , consistent work, with no recoil f rom difficulties. Every-
body who knows Professor GREGUSS is fully aware that these are his s t rong characteristics. 
As a third quality 1 may mention ihe effective performing of scientific research, including 
part icipation in the detailed work, and not only in directing and the evaluation of experimental 
data collected by other persons. Even at present Professor GREGUSS himself prepares the major i ty 
of this sections and photomicrographs. 
I don ' t think it more chance that not only Professor Greguss, but several of his pupils too, 
have achieved internationally outs tanding scientific results. Twenty-five of these are Academicians, 
Doctors or Candidates in Biological Scienses. At least the same number have obtained [the Uni-
versity doctorate, many of them being University and College teachers and some of them chairhold-
ers and heads of departments . 
1 myself am proud to be a pupil of Professor Greguss, having made an effor t to acquire f rom 
him the qualities mentioned a little earlier. 
I am very pleased that in spite of his advanced age, Professor Greguss is at present cont inuing 
his scientific research work with undiminished energy from day to day, helping those who ask for 
his advice. I trust that he may work and create among us for many long years to c o m e . " 
At the end of his words, he handed Professor G R E G U S S a memorial chalice in 
the names of the Department of Botany and the Botanical Garden. 
In conclusion, the celebrated professor was greeted with flowers by the repre-
sentatives of the young people. After the addresses the Chairman, Dr. A N D R A S 
G A R A Y , read aloud the special telegrams and letters of congratulation sent on the 
occasion of the anniversary of Professor G R E G U S S . 
Touched by emotion. Professor G R E G U S S expressed his thanks for the congratu-
lations, and then summarized the history of his scientific career of approximately 
seven decades. At the beginning of his speech he said the following: 
" M r . Chai rman, Ladies and Gent lemen. 
I should like to address my first words of thanks to those honouring me by arranging this cele-
brat ion of my anniversary so generously, without forgetting their one-time colleague, co-worker, and 
teacher even ten years af ter my ret irement. They may all be convinced that I have not forgotten 
any of them, ei ther; I remember each of them always and with the old pleasant feelings. F o r the 
present commemorat ion Г should like to express my most grateful and sincere thanks. 
I have always declared, and do this a t present too, that only a dull and self-conceited m a n 
disclaims honour and love. In my opinion, apar t f rom health and knowledge, love is the most 
precious treasure in the world, and love may only be a reward of loving. 
Looking at this illustrious meeting, I feel as if I were at a trial by jury where there are barris-
ters and a t torneys; with their legal parlance, these have over elaborated the data of my life and 
activity so fa r and have tried to just i fy why they assigned a place to an eighty-five years old teacher 
at the table of honour and recognition. In their pleadings they magnified my possible virtues and 
results, but were silent concerning my many faults and errors, i wish to record my best thanks f o r 
their kind addresses. 
Also here are the members of the jury, ou r guests, who on the basis of the pleadings of the 
barristers, will cast their votes as t o whether this man of eighty-five has deserved this honour ing 
session, how he hasfullfil led his duties, and how useful he could make himself for his country , family, 
neighbours, and the large number of his pupils. I am grateful to them for their a t tendance. 
Being here myself as the accused, as it were. I ought to avail myself of the privilege of the last 
word for defending myself. I have a feeling that I should give the reasons fo r my being here at this 
trial by ju ry ; that I have to reveal my whole life, showing where I started f rom, and the very thorny 
and rugged paths along which I s tumbled to attain various high positions, finally at the age of eighty-
five. being asked to take a seat a t the table of distinction. When, as an interested party, I try to 
do all this, I must apologize in advance fo r viewing the events connected with my person in a perhaps 
somewhat subjective way. However, I should like to demonstrate in this way. mainly fo r my pupils. 
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and young people, that ¡I is worth while to set ourselves high targets in our early youth a n d to remain 
fai thful to these even under the worst cond i lons . till in the end we reach the objects of o u r lives. 
I feel fo r tuna te tha t I have a t ta ined most of the ambi t ions set in the days of my early youth . F o r 
that success, I a m indebted first of all to the practicability of my aims, t o have love o f the na tura l 
sciences, to my health, and to my always honest work. These have led me during my whole life, 
giving it beauty and meaning ." 
Following this. Professor GREGUSS surveyed the course of his life, emphasizing 
his major scientific results. This part of his address is reported below in a shortened 
form. 
He was born in Tornya on December 31st 1889. His father was a village master-
joiner with eight children, who worked later as a journeyman-joiner in the carriage 
and waggon works in Arad. At the beginning, he took part in the work in the joinery 
of his father, and then, after leaving class 5 of the elementary school with excellent 
results, attended the grammar-school in Arad. His first teacher in natural history 
was the botanist GÁBOR PERLAKY, who encouraged his habit of collecting plants. 
His later teacher. ISTVÁN KRICSFALUSI. already employed him in the laboratory of 
natural history as a famulus. 
After finishing class 5. he had to leave the grammar-school, primarily because 
of his political attitude. He then went to the teachers' training-school in Arad, where 
his teacher of natural history was the outstanding botanist Dr. JÁNOS W A G N E R . 
During the four years (1906—1910) spent in the teachers' training-school in 
Arad, he was sent by botanist Dr. JÁNOS WAGNER on several occasions for long 
study-trips in various regions of the country: Retyezát, the Máramaros Mountains, 
the lower reaches of the Danube, and the environment of the Crotain Plitvice Lakes. 
He participated in the student-tourist competitions, by describing these trips. He was 
honourably mentioned for his papers on some occasions. During his 4th year, his 
paper "An excursion to Lake Balaton" was published in the year-book (1910) for 
the teachers training-school. At the same time, he became champion in shot-putting, 
javelin and discus-throwing at the National Junior Athletic Championships in 
Budapest. 
From the teachers' training-school in Arad he was awarded a teacher's diploma 
(summa cum laude) for elementary schools. He next went to Budapest to study in 
the Higher Elementary School-Teachers' Training College, where the renowned 
botanist GUSZTÁV MOESZ was his teacher. In his first semester he became professor's 
assistant and continued his diligent collecting in various regions of the country. 
With his paper "Diatoms of the Surian mountain lakes" he won the K Á R O L Y 
SCHILBERSZKY Millennium Prize of the Society of Natural Sciences. Besides his 
scientific work, he continued his successful sporting activity. In 1912. he wrote a 
monograph "A short survey and the present state of phyiogenetical theories". 
Ever since that time, he has dealt intensively with phylogenetic and genetic problems. 
In 1913, he was awarded the higher elementary-school teacher's and physical 
instructor's diploma (summa cum laude), and was next admitted to the University 
of Budapest. In 1914 he became a soldier but, as far as possible, continued to deal 
with his studies. In 1916 , he became assistant to Professor WIECHOWSKY in the 
Pharmacological Institute of the University of Prague, and in the meantime studied 
at the Medical Faculty of the University as well. 
In 1917, because of his state of health, he was exempted from military service, and 
appointed assistant teacher in Csáktomya. 
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In Prague he continued dealing with considerations of evolution, and particu-
larly with the evolutionary history of the vegetable kingdom. Here he wrote his 
paper "Ein Gedanke zur polyphyletischen Entwicklung der Pflanzenwelt" (1918). 
In 1919, he was appointed to the Teachers' Training-Shool in Budapest, and 
then to the Higher Elementary-school Teachers' Training College where he worked 
until 1928. During this period, he wrote about fifteen text-books, approximately 
forty educational articles, and numerous scientific papers. These covered the whole 
field of botany. 
In 1927, on the basis of his monograph "Sexuality of Cormophytes" he was 
appointed honorary lecturer in Budapest. The University doctor's degree was 
conferred to him as early as 1916. 
In 1927, he was appointed to lecture botany and organize the Department in the 
University of Debrecen. 
In 1928, the Higher Elementary-School Teachers' Training College from Budapest 
moved to Szeged and he was appointed to the Chair of Botany. 
In 1933, his popular scientific work "The wonderful life of plants", prefaced 
by F E R E N C M Ó R A , was published, followed in 1935 by his text-book "Introduction 
to genetics". His first xylotomic paper, entitled "Charcoal remains of the first low-
land palaeolithic find", came out in connection with Ferenc Mora's excavations in 
1936. In 1939 he demonstrated that in the Magdalenian Period there were living 
firs and cembra pines in the environment of Szeged. Then in his paper "Pollen-
analytical investigations of the mammoth find at Öthalom" (1940) he described, 
on the basis of spores and pollens, the underwood of these forests as well. This was 
the first palinological monograph in Hungary to be illustrated with drawings. 
In the meantime, while determining several prehistoric wood remains, he realized 
how difficult it is to identify these. In 1938, as a first trial, he wrote his paper "The 
determining key to the indigenous deciduous trees in this country on a histological 
basis". Since then he has dealt more and more with xylotomic investigations. His 
book "The Identification of Central-European Dicotyledonous Trees and Shrubs 
Based on Xylotomy" was published in 1945. 
This book aroused great interest both in Hungary and abroad, and more and 
more palaeontologists have turned to him to determine fossilized and carbonized 
wood remains from Poland, U.S.S.R., Germay, Belgium etc.). 
In the determinations, the identification of Pinaceae was particularly problemati-
cal because of the lack of any comparative material. He therefore began to deal 
intensively with the xylotomy of the living Conifers. This was the subject of his 
academic doctoral dissertation, made in 1955. (Identification of living Gymnosperms 
on the basis of xylotomy.) This work was later published, and is considered a funda-
mental text-book all over the world. In Hungary and at the International Book 
Display in Leipzig it was awarded the title" The most beautiful book of the year". 
In 1959 his magnum opus in the domain of the anatomy of European deciduous 
trees was published in German (Holzanatomie der europäischen Laubhölzer und 
Sträucher), and received great appreciation. The work containing his original theory-
was published in a revised form in Hungarian and English, under the title "The 
phylogeny of sexuality and triphyletic evolution of the landplants" and attracted 
great attention all over the world. 
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In 1965 he retired at the age of senventy-five, but has continued to work with 
unflagging enthusiasm. New monographs were published in rapid succession: in 
1967 "Fossil Gymnosperm Woods in Hungary from the Permian to the Pliocene", 
ion 1968 "Xylotomy of the living Cycads" and "Einführung in die Paläoxylotomie", 
and in 1972 "Xylotomy of the living Conifers". Besides these monographs, he has 
published many scientific papers in Hungarian and foreign journals. 
The wide interests of Professor G R E G U S S have included several branches of 
biological sciences, where he has produced papers of permanent value. For example, 
he has written 5 papers on natural philosophy (Unity of Nature), 12 on plant 
physiology, 15 on external morphology, 41 on taxonomy, 3 on plant geography, 
12 on phylogenetics, 18 on evolutionary history, 10 on genetics, 58 on palaeontology. 
5 on palinology, and 8 on ecology. 
The number of his school-books. University text-books and lecture notes are 
36. He has performed considerable popularizing work, as well, his papers of such 
a character numbering 25. The overall number of his works exceeds 300, 25 of these 
being books. 
Professor G R E G U S S deservedly enjoys wide-ranging appreciation. In 1 9 5 6 , he 
obtained the Academic doctor 's degree in biological sciences. The Government of the 
Hungarian People's Republic decorated him with the Gold Order of Labour in 
1955, 1959, and 1965, with the Silver Kossuth-Prize in 1958. On two occasions he 
was Vice-Dean, on one occasion Dean of the Faculty of Science, and on one occasion 
Rector of the University of Szeged. 
He is a honorary member of several Hungarian and foreign scientific societies 
(International Union of Dendrology, International Society of Taxonomy, Inter-
national Society of Palaeontology, International Society of Wood-anatomists, 
International Society of Morphology, German Society of Botany, etc). At present, 
heis maintaing wide-ranging scientific relations with more than 600 researchers. 
Hungarian and foreign specialists have named several living or fossil plants after 
Professor Greguss. 
Besides his very considerable scientific and educational activity, Professor 
G R E G U S S has organized the Department of Botany of the University of Szeged and 
for twenty-five years has reconstructed the Botanical Garden and developed it to 
high international renown. Many of his several hundred pupils are University and 
College professors, senior lecturers. Academic Doctors or Candidates in the biological 
sciences. 
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COMPARATIVE WEED-INVESTIGATIONS IN 
TRADITIONALLY-CULTIVATED 
AND CHEMICALLY-TREATED WHEAT AND MAIZE CROPS. 
IV. STUDY O F THE WEED-SEED CONTENTS O F THE SOILS 
O F MAIZE CROPS 
R Ó Z S A F E K E T E 
Department of Botany. Attila József University, Szeged 
(Received June 15. 1974) 
Abstract 
Weed-seed content investigation of the soils of maize plots of four fa rms , cultivated tradition-
ally or treated with Hungazin PK fo r var ious periods and under the first- o r second-year after-effect , 
led to the collowing findings: 
a The weed-seed reserves of the 0—40 c m layers of the soils examined decreased very consider-
ably dur ing 10 years of traditional cul t ivat ion. A decisive role is played in the improvement of the 
soils by the m o r e modern large-scale agrotechnology. 
b The effect of the aminotr iazines leading to a decrease in the weed-seed content depends 
appreciably on the type of the soil. 
On Mezőség soils, compared to the traditionally-cultivated areas the weed-seeed reserves did 
not decrease, o r did so to only a small extent ,as a result of chemical t reatment for 1—3 years. This 
is u n d e r s t a t e , because of the slow and protracted germination of the major i ty of the weed seeds. 
In addi t ion, the partial recontaminat ion with weed seeds occurs on these soils, since the herbicide 
does not ensure complete el imination of the weeds. 
The effect of the use of aminotr iazines on reducing the weed-seed reserves is manifested bet ter 
and more quickly on the lighter soils. In accoradance with this, a decrease of a b o u t 30—35 p. c. in 
the weed-seed contaminat ion can be observed o n sandy adobe and sandy soils fol lowing chemical 
exspraying fo r several years. 
c As regards the overall evaluat ion of the data relating to soils of c rops under Hungaz in 
after-effect, it can be said that chemical t reatment on one occasion has no, o r only a very slight 
positive effect on the development of the weed-seed content in the following year. On areas under 
such an after-effect , therefore, the decrease of the weed-seed contaminat ion is not to be expected; 
indeed, a n increase can be reckoned with, particularly if Echinochola crus-galli and the panic grasses 
are p redominan t . 
As regards protection against weeds, it is extremely important to know not 
only the weed cover, but also the weed-seed content of soils. The most significant 
surveys of the weed-seed reserves of agriculturally-cultivated soils in Hungary have 
been carried out by B E N C Z E ( 1 9 5 4 , 1 9 5 8 ) . His investigations revealed that as a 
consequence of the incorrect agrotechnology soils in Hungary were saturated with 
weed seeds: in the upper 0 — 2 0 cm soil layers he found 3 3 , 0 0 0 — 2 4 1 , 0 0 0 weed seeds 
per square metre, this concentration being much in excess of equivalent data published 
abroad ( K O R S M O , 1 9 3 0 ; W E H S A R G , 1 9 5 4 ) . 
With one exception (the study by M Á T H É — P R É C S É N Y I ( 1 9 6 8 ) in 1 9 6 7 ) , Hun-
garian weed researches have been characterized by the fact that the weed covers 
of the crops and the weed-seed reserves of the soils have been examined completely 
independently of one another, whereas in the interest of the correct organization 
of protection against weeds it would be desirable to examine the two together. 
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During weed coenologicai surveys in 1961, the present author also carried out 
simultaneous examinations of the weed-seed contents, but the results were not pub-
lished at that time. This research was continued in 1963, and for several years 
extended not only to the traditional cultivation, but also to the changes in the weed-
seed reserves of maize soils as a result of large-scale agrotechnology. In addition, 
studies were also made of the effects of the very intensively active Hungazin on the 
weed-seed reserves of the soils, for in this respect concrete research results were 
not available in either the Hungarian or the foreign literature up to the beginning 
of the experiments (1963). 
The present paper contains the results of the examinations in 1963; these were 
prepared as part of a doctoral dissertation in 1967, but have not yet been published. 
Similarly to earlier papers dealing with weed coenology, this work was done at 
Vacratot. 
Investigation sites and methods 
Since examinations of weed-seed contents demand very much work and time, the surveys 
were not carried out on every farm where coenologicai recordings were made, but only on those 
which seemed suitable as constant investigation sites for a prolonged period, or where in part com-
parison too was possible (e.g. Mezőhék). The examinations of the weed-seed reserves extended to 
the soils of maize crops on the Stale Farms at Mezónagymihály, Mezőhék. Enying and Lábod; 
these crops had been cultivated traditionally, had been treated for I—3 years with Hungazin PK 
(Atrazin), and were in the first or second year of the after-effect. From every area examined on each 
of these farms. 10 samples were taken at each depth, f rom depths ranging f rom 0 to 40 cm, at 
10 cm interavals, i.e. a total of 40 samples each from every treatment, and all of these samples were 
analyzed. Examinations to such depths appeared necessary bacause, with the increase of the mechan-
ization, deeper soil cultivation is applied increasingly more of ten. The borer used to take samples 
had a base area of 19.625 cm1. The soil samples were taken everwhere on the second weed survey 
of the maize crops (in the second half of August and the first week of September). 
In the examinations of the weed-seed reserves of the soils the ZnCi2 solution separation method 
u s e d b y BENCZE (1954 , 1958) w a s e m p l o y e d . 
The degree of weed-seed contamination is given per square metre. Average values for each 
species were calculated from the results, for the various soils (Mezónagymihály, Mezőhék, Enying), 
treatments and depths, and are tabulated for 25 weed species: in general those from which more 
than 100 seeds per square metre were found f rom 0 to 40 cm. The results for the Lábod State Farm 
are given separately (Table 4). because of the adobe or partially sandy soil. The numbers of seeds 
per square metre for the late-summer annuals (T,) are given at the foot of the Tables for every 
treatment and depth, since these occur in the greatest amount f rom all the life-form groups; also 
given are the numbers of seeds of the total annuals, and the perennials (H + G), and the numbers of 
species of weed seeds found (Tables 1—4). (For every treatment the total number of weed seeds 
is also discussed in the text; in the majority of cases this is the sum of the total T and H + G.) 
The weed seeds were determined on the basis of the handbook of ÚJVÁROSI (1957), the weed-
seed collections of the present author and of Újvárosi, and the handbook of BRONWER—STÖHLIN 
(1955). Those weed seeds which could not be identified on this basis were identified by means of the 
seed collection of the Országos Vetőmag Felügyelőség (National Seed Inspectorate), to whom the 
author expresses her grateful thanks. 
The agrotechnological data relating to the investigation sites, and the details of the chemical 
treatments applied, are reported in the papers containing the weed-coenological examination results 
obtained from the same sites (FEKETE. 1964; published 1974a. b). 
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Results and discussion 
A . E x a m i n a t i o n s o f w e e d - s e e d r e s e r v e s o n M e z ő s é g s o i l s 
I . W e e d - s e e d r e s e r v e s o f t r a d i t i o n a l l y - c u l t i v a t e d m a i z e s o i l s 
The most frequent weed seeds in traditionally-cultivated maize crops on Mezőség 
soils are given in the first part of Table I, referred to 1 n r . The examinations indicated 
that the number of weed seeds in the 0—40 cm traditional maize soils of the three 
State Farms (Mezőnagymihály, Mezőhék, Enying) varied between 5,503 and 14,908, 
and the average weed-seed contamination was 10,932 per m2. A study of the distri-
bution of the weed seeds according to depth showed that in all sites the 10—20 cm 
level of the soils contained the most weed seeds (2,089—5,841, and on average 
4,240 per nr) . As can be seen from Table I, the 0—10 and 20—30 cm layers exhibit 
roughly the same degree of contamination (2,955 and 2,870, respectively) on average 
for the three investigation sites, while the fewest weed seeds are to be found in the 
30—40 cm layer (866 per m2). Naturally there were various differences between 
the individual farms: the highest weed-seed contamination occurred in the Mező-
nagymihály soils (14,908), and the lowest in those at Mezőhék (5,503). From the 
data at the foot of the Table it can be seen that the seeds of the late-summer annuals 
(T ) are found in the greatest amount in the soils (mainly Stachys annua, Chenopoclium 
album, Amaranihus retroflexus and Echinochloa crus-galli), and in comparison with 
these the other life-form groups are insignificant. This is understandable, since the 
data of the coenological surveys too indicate that the T life-form, and to a smaller 
extent the perennial root-like couch-grasses (G3), predominate in cultivated land 
in Hungary ( F E K E T E , 1963, 1964, published 1974; Ú J V Á R O S I , 1966). The tremendous 
seed yield of the former is well-known, while it is also known of the latter that pri-
marily vegetative multiplication is decisive in their group, although the seed is also 
ripened on areas treated with aminotriazine (second half of Tables 1 and 2). 
If the results obtained are compared with the weed-seed examination data of 
BENCZE (1954), obtained in part from the same sites and in part f rom different 
sites, but similarly in Mezőség soils, it is observed that compared to the earlier 
weed-seed concentrations of 33,596—54,094 per m2 found in 1952 (the year immei-
diately following the reorganization) in the 0—20 cm levels at Iregszemcse, Pusztapó 
and Bánkút, there was a significant improvement of the soils in the following 10 
years. Thus, if the same levels (0—20 cm) are considered, it can be stated that at 
present the weed-seed reserves of the soils are only a quarter, or less, compared 
to the earlier values. This positive change is particularly striking in the case of 
Mezőhék—Kétpó (earlier known as Pusztapó), where the previous contamination 
33,596 per m2 for 0—20 cm (BENCZE, 1954) has decreased by a factor of more 
than ten (3,006 for the same level). At this latter site a large role in the improvement 
of the soils has been payed by the correct agrotechnology applied on the farm 
( U N G Á R , 1959), which is otherwise well reflected by the data of weed-coenological 
surveys here (FEKETE, 1964, published 1974a, b). 
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2. W e e d - s e e d r e s e r v e s o f f i r s t - y e a r H u n g a z i n - t r e a t e d m a i z e 
s o i l s 
On average for the three farms, the first-year Hungazin-treated maize soils 
containe about 70 per cent more weed seeds (18,548 per m2) than those cultivated 
traditionally (second half of Table 1) (10,932 per m1). In corresponding soils at 
Mezőnagymihály about three times as many seeds (32,533 per m*) were found 
as in the traditionally-cultivated soils; at Enying and Mezőhék increases of about 
40 per cent and 10 per cent, respectively, were observed compared to the control. 
Naturally, this did noe occur as a result of the chemical treatment, since up to 
the time of sampling (the second survey of the maize crops, in the second half 
of August and the beginning of September in 1963) the weed-seed yield for 
that year had not yet entered the soil, or only in part, either in the traditional-
ly-cultivated, or in the chemically-treated areas. The large differences in the 
weed-seed contents in the individual investigation rates can be explained by 
the different plant-pyrdicotions and soil-operations, and by the unsatisfactory care 
of the plants. (Thus, because of the presence of the hybrid-section in this farm-unit 
of the Mezőnagymihály State Farm, maize is almost always grown on these plots, 
so far in the traditional way, or at least with a herbicide not possessing such a 
lasting action as that of Hungazin PK. The hoeing monocultures favour the multi-
plication of just the late-summer species (T4). On the first-year sprayed maize 
area at Enying lucerne had been grown for the previous three years, and this is 
why it was more contaminated.) 
From an examination of the distribution of the weed-seeds according to depth 
it can be stated that the excess compared to the traditional soils is contained pri-
marily in the uppermost two layers, and here too, compared to the control, the 
10—20 cm layer is the most contaminated (second half of Table I). 
Analysis according to life-form indicates that the predominant seeds in the 
first-year Hungazin-treated maize soils too are those of the late-summer species 
(T4), mainly Amaranthus retroflexus, Chenopodium album and Stachys annua. 
3. W e e d - s e e d r e s e r v e s o f m a i z e s o i l s t r e a t e d w i t h H u n g a z i n 
f o r s e v e r a l y e a r s 
Mezőség soil areas systematically treated with Hungazin or Atrazin for several 
years were examined only at Enying. As already reported in the coenological studies 
( F E K E T E , 1964, published 1974a, b), in this farm all of the chemically-treated maizes 
were hoed, the number of hoeings on these plots being exactly the same as on those 
cultivated traditionally. Accordingly, apart f rom the herbicide effect, the ecological 
conditions of germination of the weed seeds were the same for all of the maize 
crops on the farm during the growing period. Although the aminotriazine agents 
do not act directly on the germination of the seeds, they can affect it indirectly as 
superselective herbicides. 
If the results of weed-seed investigations on the plots of this farm which had 
been treated chemically are considered, it is surprising that their soils contain almost 
the same weed-seeds as those of traditionally-cultivated crops, and therefore these 
results are not given separetely. In crops treated chemically for 3 years a decrease 
of only 15 p. c. was observed (Table 2). Comparison of the contaminations of the 
IV. S T U D Y O F T H E W E E D - S E E D C O N T E N T S O F T H E S O I L S O F M A I N E C R O P S 1 3 
I I 
nC <N q — m 00 Os r-
ri W-i rn © Tf' •n 0s — 
o> 00 © ci 00 r̂t — M «n iN ri — 00 TJ- <n ri § — r j Tt o c-, r-J CC © ^r o — 
f . O» © r i 
r- Tf 
© on o o os r -
K m ^ K o ^ tT n - - ^ \C 
Os q CS — Os © 
r-l 00 r j r-i —i vi m Os •n — © Os 
O O M n j J i 
X r-' r i VC T - r -
f-l f i - ^ f , 1 3 n ^ ^ f^ ^ 
© »© >o q 
r^ «ri — — © 
r r sC © 00 r i 
a 
£ = 
= ^ I 
5 e 8 
? £ 
— . S o — N <~4 ! I A o 3 c. i 
OS — q 
ri r-' s 
—i vi 00 sO o -T -T 
— ov o <* o> - q r i f t 00 O 
K —l d d w-i - J d oc 
i to •c r n 
— r-l 
— — r i 
s£> 
os oo q 
C ^ oc C r i — Os — v-» m ri r i f> 
— ON — — vq oo o 
- - vo d w r i s! Os © r j — r- sC © 
r-l Ov r - oo a* f-» Os r- OS Os oc •n — 00 © 
•o w-i r^ d 00 d v-t r i 8 S Os' £ 00 00 © •n CO rl r i 00 Os •n ft 00 00 r l r-. r i — — >N r- •n — — rn 00 sO r-j 
© 
1 ^ q Os Os _ TT r-i Os Os © Os Os 
| I NO _ -J 00 vO 00 © r— rn — 1 1 ^ 00 X r- s£ 00 «n o o — — ri 
C r - f^i r i r - f i r -





r i r - o in Î i 
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individual soil levels did not reveal an essential difference either; thus, the positive 
effect of chemical treatment for 2 or 3 years develops more slowly on the Mezőség 
soil than on lighter soils, for instance, as will be seen later. The resistance of the 
weed-seeds was proved by the fact that the soil could be shown to contain the seeds 
of weed species which had certainly not occurred since chemical treatment (as demon-
strated by the coenological surveys) in crops on areas treated with the same dose 
of aminotriazine. A decisive role in the slow purification of the soils f rom the weed 
seeds is played by the resting state of the seeds, which can be induced by several 
factors ( P E T E R S E N , 1 9 5 1 ; W E H S A R G . 1 9 5 4 ; C O R C K E R — B A R T O N , 1 9 5 7 ; T H U R S T O N , 
I 9 6 0 ; N Í K O L A Y E V A , 1 9 6 7 ) . In some of the weed seeds (e.g. Convolvulus arvensis, 
Hibiscus trionum) the resting state is brought about by the "hard covering" of 
the seeds ( S R I P L E N G — S M I I T H , 1 9 6 0 ; C Z I M B E R — R E I S I N G E R , 1 9 6 8 ) . Since such hard-
skinned seeds are in dormancy they resist chemical herbicides and again give rise 
to weed cover on germinating after cessation of the herbicide effect, as shown by 
the data of late-summer (II) weed surveys on maize crops under the after-effect 
of aminotriazine (FEKETE, 1964; published 1974a, b). In addition to what has already 
been said, another cause of the slow purification of the soils may be that partial 
recontamination with weed seeds occurs on areas treated with chloraminotriazine, 
for this herbicide does not ensure total elimination of weeds. 
4 . W e e d - s e e d c o n t e n t s o f m a i z e s o i l s u n d e r a f t e r - e f f e c t o f 
H u n g a z i n P K 
It was mentioned above that the tratment of the maize plots under the after-
effect at Enying and Mezőhék was exactly the same as that on those cultivated 
traditionally there, apart from the herbicide. At Mezőnagymihály the crops were 
hoed mechanically twice and by hand once, in contrast with the maize cultivated 
traditionally, where second serial hoeing too was carried out. 
From the overall data f rom the investigations on areas under first-year Hungazin 
after-effect, the 0—40 cm cultivated layer contains 12,548 weed seeds per m2; the 
average is thus about 10—12 p. c. worse than for the traditionally-cultivated areas. 
If the average results are broken down for the individual farms, it can be established 
that the weed-seed content in the soils of the Enying plots has decreased a little 
compared to the control. At Mezőnagymihály and Mezőhék, on the other hand, 
an increase can be observed. The overwhelming proportion of the weed-seed increase 
is contained in the 10—20 cm layer (first part of Table 3). 
As reported in the paper dealing with the results of the weed coenological 
investigations (FEKETE, 1964, published 1974a, b), a huge weed-mass, mainly 
Echinochloa and Setaria, lived in places on the areas under the first-year Hungazin 
after-effect (including Mezőnagymihály too). U p to the time of the sampling, however, 
these had only partially shed their seeds. The conciderable seed-rotation occurred 
in the period after the survey and the sampling, and could be demonstrated only 
in samples of soil taken in the following year (1964). But even then not entirely, 
for an appreciable part of the weed seeds entering the soil (mainly Echinichloa 
cruss-galli and panic grasses) germinated during the growing time, as proved by the 
coenological surveys in 1964. Weed seed germination experiments from 1961 also 
confirm that Echinochloa crus-galli and the panic grasses (Setaria viridis, S. glauca) 
had already shed their seeds at the end of summer; these entered the soil and germi-
nated in a fairly high proportion in the following year. 
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Weed-seed contents of plots under second-year Hungazin after-effect were 
studied only at Mezőhék, and these results are given in the second half of Table 3. 
These data are almost the same as those of the control there. 
B. W e e d - s e e d c o n t e n t i n v e s t i g a t i o n s on s a n d y a d o b e — s a n d y so i l 
The Lábod State Farm is situated on sandy adobe, and partly on sandy soil. 
Here examinations were made on the weed-seed reserves of soils of maize crops 
cultivated traditionally or treated with aminotriazine for three years. These examina-
tions revealed the very extensive contamination of the soil on this farm (Table 4). 
The Table contains weed-seed data on only 25 species, but of the seeds of the 51 
weed species found in these two types of soil sample only three did not attain a con-
centration of 100 per m2. 
From the soil of maize cultivated traditionally 176,878 weed seeds were found 
per m2 f rom the 0—40 cm layers, the bulk of which were late-summer annuals (T4) 
(142,895 per m2). B E N C Z E (1958) demonstrated such a huge weed-seed contamination 
only on the sandy soils at Nyíregyháza, where he counted 110,250—241,375 weed 
seeds p e r m - in the 0—20cm layers in the various hoeing cultures. (In the same 
layers at Lábod there were 117,715 seeds per m2.) 
This extremely extensive contamination of the traditional maize soils at Lábod 
is attributed to a certain degree to the fact that on the occasion of the national weed 
coenological survey in 1949—50 this was the most densely weed-populated area of 
the country, and such a state cannot be changed f rom one day to another. In addition, 
another fact which undoubtedly contributed to such a mass presence of late-summer 
seeds, however, was that only maize has been grown on this area since 1961, and it 
is well known that the main multiplication sites of the late-summer varieties are mono-
culture maize crops. 
Examination of the distribution of the weed seeds according to depth reveals 
that they progressively decrease in number on passing downwards from the surface, 
but there is no appreciable difference between the contaminations of the individual 
soil layers f rom 0 to 30 cm. In the 30—40 cm layer, however, the number of weed 
seeds exhibits a sudden considerable decrease (first part of Table 4). 
The number of weed seeds in soil of maize which had been treated chemically 
systematically for three years was about 30—35% lower than in the tradition-culti-
vated areas serving as control, but even then the number was very high: 112,153 per 
m2. 75—80% of these weed seeds similarly belonged to the late-summer annual 
life-form (T-). 
If the weed-seed reserves of the individual soil levels are compared with those 
for traditionally-cultivated maize, it is observed that purification from the weed 
seeds as a result of the 3 years' chemical treatment occured over the total depth of 
soil examined. Although the number of weed seeds, including the late-summer species 
too, decreased, attention must be drawn to an unfavourable phenomenon. In these 
areas not only the coverage of Echinochloa crus-galli increasedt but also the number 
of its seeds in the soil. At the same time it is encouraging that during this time the 
seeds of Amaranthus reiroflexus and Chenopodium album practically disappeared 
from the soil, as is otherwise confirmed by the data of germination experiments with 
the seeds of these latter two species in sandy soil. 
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The surprising resistance of the weed seeds is indicated by the fact that the seeds 
of many more weed species (altogether 51 from the two types of cultivated area) 
could be detected in the soil at Labod than suggested by the data of the coenological 
surveys here. The seeds were found of species which were not observed at all in the 
course of the weed coenological surveys in 1963—1965. A few of these species 
(Cenlaurea pannonica, Cerastium fajolo, etc.) were contained in the 1949—50 weed 
list. At the same time a few weed species and their seeds were now detected spo-
radically which can be regarded as new data for the area (Alopecurus myosuroides, 
Holcus. Galeopsis, Matricaria inodora etc.). 
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Abstract 
The paper describes 21 species of Lycopodiaceae family from the Lower Cretaceous deposits 
of Transdanubian Central Mounta ins in Hungary. These 21 formspecies are recognised as belonging 
to five formgenera. They are following: Relltriletes, Vadaszisporites. Foveosporites, Sestrosporites, 
and Camarozonosporlles. Four new combinat ions are proposed and two of the species described are 
new. The stratigraphic distribution of the Lycopodiaceae spores: most of the species of Retitriletes, 
Sestrosporites and Foveosporites described f rom the Neocomian. Aptian and Lower Albian strata . 
The younger sediments (Upper Albian—Lower Cenomanian) are characterized by the formspecies 
of Vadaszisporites and Camarozonosporites. 
Introduction 
On Hungarian territory the Lower Cretaceous deposits can be found in the 
Transdanubian Central Mts and Villány Mts. Several works are dealing with the 
stratigraphic evaluation of these layers f rom which we emphasize Fülöp's papers 
(1958, 1964, 1966) as comprehensive works. The stratigraphic investigations are 
carried on in our days, as well. 
In the course of the palynological investigation of the Transdanubian Lower 
Cretaceous deposits the comparatively uniform character of the flora of that period 
is conspicuous. The floras are characterized by the fossil representatives of Pte-
ridophyte. About 60 per cent of the spores found are fern-spores, while the spores 
of the Lycopsida and Sphenopsida classes are present only in a lower number. 
In our present paper, we are dealing, within the Lycopsida class, with the spores 
of some taxons of Lycopodiaceae family from the Lower Cretaceous. 
Previous Works 
The histological, taxonomic, phytogeographical elaboration of the living Lyco-
podiaceae can be found in several monographs, textbooks, papers. The works of 
P R I T Z E L ( i n E N G L E R — P R A N T L , 1 9 0 2 ) , NESSEL ( 1 9 3 9 ) , K N O X ( 1 9 5 0 ) a n d H A R R I S ( 1 9 5 5 ) , 
reporting on about 420 to 450 Lycopodiaceae species, distinguish themselves 
even among these. These are included by a part of authors in two genera: Lycopodium 
L. and Phylloglossum K U N Z E . Others, like H E R T E R ( 1 9 0 9 ) , emphasize subgenus 
Urostachys of genus Lycopodium and -classing 340 species or so therein — are 
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raising it to a rank of genus. NESSEL ( 1 9 3 9 ) was already applying the following 
three genera: Lycopodium (L.) H E R T E R , Phylloglossum K U N Z E , Urostachys ( P R I T Z E L ) 
H E R T E R . Our knowledge of the spores of the recent Lycopodiaceae is rather defective. 
The spores of about 25 per cent of the species described have been elaborated anyhow. 
Illustrations of spores are published by a number of authors, but the morphological 
grouping of spores is treated of first by K N O X ( 1 9 5 0 ) . He created five groups: three 
foveolate, one reticulate groups, and an echinate one. H A R R I S ( 1 9 5 5 * revised Knox's 
work and the "Group Clavatum" is subdivided into two: a rugulate (hamulate) 
and a reticulate group. The classification of the recent Lycopodiaceae spores, that 
is best even today, is to be found in K R U T Z S C H ' S publication ( 1 9 6 3 ) . He created four 
morphological groups, with twelwe morphotypes. These are the following: 
1) foveolate spore-forms. Morphotypes: "selago", "phlegmaria", and "verticil-
latum". 
2) reticulate spore-forms. Morphotypes: "paniculatum", " ramulosum", "sprucei" , 
"annot inum", and "clavatum". 
3) hamulate spore-forms. Morphotypes: "cernuum", "carolinianum", and "inun-
datum". 
4) verrucate-echinate spore-form. Morphotype: "densum". 
A great merit of K R U T Z S C H ' S work is that it is comparing the recent morphotypes 
with the formgenera of the fossil dispersed spores. The author is proving that 
Retitriletes formgenus is a level corresponding to the "Clava tum" group, the Camaro-
zonosporites to the "hamula te" spore-forms, and the Selagosporis to the "selago"-
morphotype; therefore, the levels of recent and fossil organtaxons do not con-
form entirely to each other. But that doesn't exclude a relationship of Tertiary 
spore-forms, included in the above formgenera and in those described by 
him, to the recent Lycopodiaceae species. However similar some spore-forms 
may be to the recent ones, the Mesozoic palynological literature is treating 
the problem of botanical relationship very carefully. Some reference to the 
Lycopodiaceae-origin is only found at the most known forms of Lycopodium-
sporiies austrodavatidiles, clavaloides . There are, anyway, several factors that 
incite us to try to recognize some relationship between the Lycopodiaceae species 
living today and the motherplant of the "lycopodiaceous" spores investigated by us. 
The main characteristics from among these are the following: 
1) P h y l o g e n e t i c c o n n e c t i o n 
All the recent Lycopodiaceae species have herbaceous stems. Among the fossil 
forms is the genus Lycopodites, which resemble in general form those of the 
extant Lycopodium. Lycopodites have been found from the Carboniferous to 
the present. 
2) Anatomically the fossil Lycopodites are very similar to the living Lycopodiaceae; 
both genera have herbaceous, dichotomously branched stems, exarch protostele, 
microphyllous leaves, adaxial sporangia, and homosporous condition. 
3) G e o g r a p h i c a l d i s t r i b u t i o n 
Those still living are world-wide in distribution, but most species are found in the 
tropics. 
As P R I T Z E L (in E N G L E R — P R A N T L , 1902) is writing, their distribution has two 
focuses: 
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a J T h e Palaeotropic species were start ing f rom South India, Eas t -Himalaya towards Af r i c a , 
Australia Polynesia, New-Zea land ; 
It) The Neotropic species diffused f rom the Brasilian and Co lumbian area of the Andes t o 
other regions on the terri tory of South and Central America . 
The Aptian—Albian stage of the Lower Cretaceous in the area of the European 
Flora Province is characterized by the breaking forth of the humid, subtropical-
tropical climate, that may have facilitated the appearance of the Lycopodiaceae 
so rich in species. 
4) E c o l o g i c c l a i m 
The majority of recent Lycopodiaceae claim an equalized, humid atmosphere, 
they don't require too much heal and light. They are therefore the richest in species 
in mountains, in woods of not too thick vegetation, on islands and in places of 
oceanic climate. They generally prefer a substratum rich in organic matter ( P R I T Z E L , 
i n E N G L E R P R A N T L , 1 9 0 2 ) . 
5) T h e i r r o l e in p r o d u c i n g f o r m a t i o n s 
It is equally characteristic both of the recent and Mesozoic Lycopodiaceae that 
they are not exerting any considerable influence on the picture of the formation. 
6) T h e s c u l p t u r e o f s p o r e s 
The spore-forms of sculpture-element, that is the reticulate, foveolate, verrucate-
echinate ones, outlined by K R U T Z S C H ( 1 9 6 3 ) as a characteristic of recent Lycopodi-
aceae-spores, are frequent in case of the spores in the Lower Cretaceous. 
On the basis of above literary data we have come to the conclusion that—suppos-
ing the botanical connection —we should treat of the spores of reticulate, foveolate, 
hamulate structures, found in our material, like of the fossil representatives of 
Lycopodiaceae. The recent spores of verrucate-echinate type are less frequent and 
less known; the Selaginellaceae-spores are of similar structure, as well. We do not 
deal, therefore, with the fossil spores of a structure, like this, in our present paper. 
Materials and Methods 
The procedure of samples took place with Zólyomi—Kedves ' s me thod . The preparat ions were 
preserved in glycerin-jelly. 
Determinat ions and count ings a re made with a Zeiss N f p K microscope. 
Holotypes and figured specimens a re lodged in the palynology collection of the Depar tment of 
Botany. Attila József University, Szeged. 
Systematic description 
Phylum PTERIDOPHYTA 
Class L y c o p s i d a 
Order Lycopodiales 
Family Lycopodiaceae 
Genus RETITRILETES ( P I E R C E , 1 9 6 1 ) D Ö R I N G , K R U T Z S C H , M A I et S C H U L Z , 1 9 6 3 
(short: D. K. M. S. 1963) 
S y n . : Lycopodiumsporiles THIERG. ex DELCOURT e t SPRUMONT 1 9 5 5 . 
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T y p e s p e c i e s : Relit rile lex globosus PIERCE, 1961. 
Remarks: Some authors have included in the formgenera Retitriletes and 
Lycopodiumsporites the spores of Lvcopodiaceae-affinity whose distal surface is 
reticulate and proximal surface is mostly smooth (non-reticulate). In the English 
palynologic literature the name Lycopodiumsporites is used almost exclusively, not 
accepting the opinion of DÖRING et al. (in KRUTZSCH, 1963 , p. I I . ) summarized 
as follows: 
1) KRUTZSCH proved by re-examining Thiergardt 's original slide ( 1 9 6 3 , Table 
40. figs. 2—4) that the Niederlausitz-form of Lycopodiumsporites agathoecus (R. POT.) 
THIERG. 1938 , considered as the type species of genus, is a recent Lycopodium 
dar at um L. 
2) The Eocene form Sporites agathoecus (from Geiseltal), described by R. 
POTONIE in 1934, is not reticulate but of macrofoveate sculpture, and a form of 
Shizaeaceae affinity, being close to Foveasporis. 
3) R. Potonie. in his SYNOPSIS (1956), gives "agathoecus" as the type-species 
of Lycopodiumsporites but his diagnosis and schematized diagram are approaching 
Thiergardt's form, corresponding to a recent species. 
In that way, the genus hasn't type-species, whoever may be considered as an 
author. 
Concerning Retitriletes it is to be noticed that PIERCE (1961) does not refer to 
the genus-name being taken over f rom van der HAMMEN. 
By the emended diagnosis of DÖRING et al. (in KRUTZSCH, 19Ö3) , a form-genus, 
selected by them more or less arbitrarily and characterized but poorly, is made valid. 
Retitriletes tenuis (BALME, 1957) n. comb. 
Plate 1, Figs. 1, 2. 
1957 Lvcopodiumspontes austroclavatidites tenuis n. sp. BALME, p. 16., PI . I, Figs. 
9 — 1 1 . 
1968 Lycopodiumsporites tenuis (BALME) n. comb. NORRIS. p. 319., Figs. 37—38. 
R e m a r k s : NORRIS ( 1 9 6 8 ) was separating Lycopodiumsporites tenuis BALME from 
Lycopodiumsporites austroclavatidites as an independent form-species. The former 
species is generally of smaller size than 30 n, the lumina of reticulum narrower, 
muri low, the trilete mark is less prominent. 
Occurrence. Hungary : Gerecse Mis (Neocomian), Bakony Mis (Apt ian—Lower Albian). Rare. 
P l a t e I. 1.2 Retitriletes tenuis (BALME, 1957) n. comb , Gerecse Mts. Borehole Sü t tö—3:125/3 . 
P : 32./102,9 
3.4 Retitriletes austroclaralides (COOKSON. 1953) D. K. M. S. 1963. Bakonv Mis . Tés. 
Borehole Té—27:46.0 /1.P:30,5./92.9 
5.6 Retitriletesclavaloides(COUPER, 1958) D. K. M. S. 1963Gerecse, Mis ,Sü l lő—3:111/1 
P:44,4) 100,3 
7,8 Retitriletes dentimuratus (BRENNER. 1963) n. comb . Bakony Mts. Hárskút . Borehole 
Hk—4:247 / ! .P :40 ,2 . / I07 
9,10 Retitriletes glebulentus (KeMP, 1971) n. comb . Ta tabánya Basin. Borehole Ta— 
1366:160 / l .P :36 .2 . /97 
11,12 Vadaszisporitesurkuticus(DEÁK, 1964) DEÁKCICOMBAZ 1967, Bakony Mts. Borehole 
Pe—27:82,7m /2.P:32./113,1 
13,15 Vadaszisporites urkuticus (DEÁK, 1964) DEÁK et COMBAZ, 1967, Bakony Mts, 
Balinka. Borehole Ba—237:48 /4.P:46.6/ 112.1 
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Relilriletes austroclavatidiies ( C O O K S O N , 1 9 5 3 ) D . K. M . S . 1 9 6 3 
Plate I., Figs. 3, 4. 
1953 Lycopodium austroclavatidiies n. sp. C O O K S O N , p. 4 6 9 . P l . 2 , Fig. 3 5 . 
1963 Relilriletes austroclavatidiies ( C O O K S O N ) n. c. D Ö R I N G , K R U T Z S C H , M A I , 
SCHULZ, p . 16. 
R e m a r k s : DETTMANN (1963) is giving a good description and synonim-list of this 
species. 
Occurrence. Hunga ry : Gerecse Mis (Neocomian) , Bakony and Vértes Mts (Ap t i an—Lower Alb ian) 
Relilriletes clavatoides (COUPER, 1958) D . K . M . S . 1963 
Plate I., Figs. 5, 6. 
1958 Lycopodiumsporites clavatoides n. sp. COUPER, p. 132, P 1.15., Figs. 10. II . 
1963 Relilriletes clavatoides (COUPER 1958) n. comb. D Ö R I N G , K R U T Z S C H , M A I 
e t SCHULZ, p . 16. 
Occurrence. Hunga ry : Gerecse Mts (Neocomian) 
Retitriletes dentimuratus (BRENNER, 1 9 6 3 ) n. comb. 
Plate 1., Figs. 7, 8. 
1963 Lycopodiumsporites dentimuratus n. sp. BRENNER, p. 4 4 . P 1.5, Fig. 4 . 
R e m a r k s : It is a form occurring comparatively rarely. The specimens in Hungary 
are generally somewhat smaller than the holotype. 
Occurrence. USA: Mary land (Po tomac g roup) ; H u n g a r y : Bakony Mts ( U p p e r Albian) . 
Retitriletes glebulenius (KEMP, 1971) n. comb. 
PI. I., Figs. 9, 10. 
1971 Lycopodiumsporites glebulentus n. sp. KEMP, p. 8 8 — 8 9 , PI. 12, Figs. I—6. 
R e m a r k s : In the specimens examined by us, the circular area on the distal pole 
is anyway to be found but it is less thickened than in the holotype. 
Occurrence. South Eng land : Atherfield (Lower Albian) ; Hunga ry : Ta t abánya Basin. Gerecse Mts 
(Lower Albian). 
Genus VADASZISPORITES ( D E Á K et COMBAZ, 1967) emend. 
E m e n d e d d i a g n o s i s : azonotrilete miospores. A m b rounded to subtriangular, 
with convex or straight sides. Exosporium ornamented both proximally and distally 
with positive microreticulate-reticulate pattern. Lumina of reticulum somewhat 
polygonal in outline. The species to be included in the genus are: 
1) Vadaszisporiles urkuticus ( D E Á K , 1964) D E Á K et COMBAZ, 1967 
2) Vadaszisporiles gregussi n. fsp. 
3) Vadaszisporiles minutireticulalus n. fsp. 
4) Vadaszisporiles pseudo/oveolalus ( D E Á K , 1964) DEÁK et COMBAZ, 1967 
5 ) Vadaszisporiles sacali DEÁK et COMBAZ, 1967 
6 ) Vadaszisporiles (al. Microreticulatisporites) uniformis (SINGH, 1964) n. comb. 
R e m a r k s : The genus created by D E Á K et COMBAZ ( 1 9 6 7 ) is collecting the 
microreticulate-reticulate forms on both surfaces whose reticulum is positive, sepa-
rated from the genus Microreticulatisporites ( K N O X , 1 9 5 0 ) R. POT. et K R . 1 9 5 4 , 
of "negative" reticulum (cf. KRUTZSCH, 1963 . p. 11, 14, Fig. 9 ) . and from Retitriletes 
(al. Lycopodiumsporites) having a positive reticulum but on the distal surface. 
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The authors of Vadaszisporites, in their genusdiagnosis, wrote about a "reticulate 
cingulum". But after examining a number of specimens it was proved that at these 
forms there is no cingulum only the wall of exosporium may be very thick. 
The wall-thickness varies at the single species and even the different specimens 
of the same species may differ f rom one another in wall-thickness. 
DEÁK ( 1 9 6 4 ) was describing Vadaszisporites urkulicus and. V. pseudofoveolatus 
from the "Munieria mar l" sediments in Bakony Mts, G Ó C Z Á N (in N A G Y , 1971) 
and SCHOLZ ( 1 9 7 4 ) placing these layers in the Albian. 
Vadaszisporites urkuticus ( D E Á K , 1964) D E Á K et COMBAZ, 1967. 
PI. I., Figs. 11—15. 
1964 Microreticulatisporites urkuticus n. sp. D E Á K , p. 106, PI. 2, 14—15. 
1967 Vadaszisporites urkuticus ( D E Á K , 1964) n. comb. DEÁK et COMBAZ, p. 79, 
PI. 1, Fig. 13. 
R e m a r k s : According our investigations, it appeared first at the upper level 
of dark-grey aleurolit of the Gerecse Mts and Tatabánya Basin (Lower Albian). 
G Ó C Z Á N ( 1 9 6 4 ) found it at Uppcr-Maestricht substage, as well, and evaluated it 
there as a stratigraphically important formation. 
The wall-thickness is, within the species, a very varying feature. In case of 
Upper Albian specimens the percentage of those having thicker exosporium is 
higher. 
Occurrence. Hungary : Gerecse Mts. Ta t abánya Basin (Lower Albian), Bakony, Vértes Mts (Upper 
Albian). In France : Saintogne (Upper Albian—L. Cenomanian) . 
Vadaszisporites sacali DEÁK et COMBAZ, 1967 
PI. 2., Figs. 1,2. 
1967 Vadaszisporites sacali n. sp. DEÁK et COMBAZ, p. 79, Fig. 14. 
R e m a r k s : This form is one of the characteristic formspecies of Upper Albian 
and Lower Cenomanian of Bakony Mts. 
Exosporium of spore is usually profusely reticulate, with a thick wall. The 
lumina of microreticulum are narrow, pentagonal-or hexagonal. 
Occurrence. Hungary : Bakony Mts (Upper Albian—Lower Cenomanian) . France : Saintogne, 
Landun (Upper Albian—Cenomanian) . 
Vadaszisporites gregussi n. fsp. 
PI. 2., Figs. 3, 4. 
D e r i v a t i o n o m i n i s : The specific epithet is given after Prof. P. Greguss, 
A. József University, Szeged. 
H o l o t y p u s : Slide Pe—31: 351/2. P: 30,0/98,0 PI. 2, 3 ,4 . 
L o c u s t y p i c u s : Borehole Pe—31, Olaszfalu (Bakony Mts). 
S t r a t u m t y p i c u m : Turrilites marl (Upper Albian) 
D i a g n o s i s : Trilete miospore; amb subcircular to subtriangular, with convex 
sides, and rounded apices. Laesura straight, simple, lenght about 4/5 spore radius. 
Exosporium 3—4 n thick. Both proximal and distal surfaces ornamented with regular, 
polygonal, positive reticulum. Lumina of reticulum 4—5 n across, muri 0 ,5—l | i 
wide and 1 —1,5 jx wide at their bases: height 1—1,2n. 
S i ze r a n g e : 48—54^. 
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C o m p a r i s o n : This species differs from the other Vadaszisporites species by 
its convex sides, larger lumina of reticulum and thicker muri. 
Occurrence. H u n g a r y : Bakony Mis (Upper Albian). 
Vadaszisporites uniformis ( S I N G H , 1 9 6 4 ) n. comb. 
PI. 2., Figs. 5, 6. 
1964 Microreticulalisporiles uniformis n. sp. Singh, PI. 103, Figs. 15, 16. 
1 9 7 1 Microreiiculalisporiies uniformis S I N G H 1 9 6 4 P L A Y K J R D , p. 5 3 9 , P I . 1 0 3 , 
Figs. 15, 16. 
R e m a r k s : We have thought good to transfer the form of positive reticulum 
described by S I N G H ( 1 9 6 4 ) to the genus Vadaszisporites, on the basis of the figure 
published and the present form being similar. 
Occurrence. Hunga ry : Bakony Mts ( U p p e r Alb ian) : Canada Alberia (Albian) . 
Vadaszisporites minutireticulatus n. fsp. 
PI. 2., Figs. 7, 8. 
D e r i v a t i o n o m i n i s : after its very fine microreticulate sculpture. 
H o l o t y p u s : Slide Pe—27:82, 6—86,7 m /3. P: 35.7/ 108.7 
L o c u s t y p i c u s : Borehole Pe—27. Olaszfalú, Bakony Mts 
S t r a t u m t y p i c u m : Turrilites marl (Upper Albian). 
D i a g n o s i s : Trilete miospore; amb subcircular to convexly subtriangular, 
with rounded angles. 
Laesure straight, short, extending to 1/2 of spore radius. On the proximal 
and distal surfaces a very fine, positive microreticulate sculpture is to he observed. 
Lumina of microreticulum 0 , 3 - 0 , 5 n across. Muri alway thinner than lumen in 
diameter. Exosporium I —1,5 n thick. 
S i z e : 40—48 p. 
C o m p a r i s o n : This species differs from Vadaszisporites uniformis and Vadaszi-
sporites pseudofoveolatus in its larger size, mostly rounded amb, and very fine micro-
reticulate sculpture. 
Occurrence. Hunga ry : Bakony Mts ( U p p e r Alb ian—Lower Cenomanian ) . Occasional . 
Vadaszisporites fsp. 
PI. 2., Figs. 9, 10. 
Occurrence. Rare fo rm f rom Turri l i tes marl of Bakony. 
P l a t e 2. 1,2 Vadaszisporites sacali DEÁK el COMBAZ, 1967 Bakony Mts. Olaszfalu. Pe—31: 
161/1 . P : 3 0 . 5 . / I 0 5 , 3 
3,4 Vadaszisporites gregussi n . fsp. Bakony Mts. Olaszfalu. Pe—31:351 /2 .P:30.0 . /98.0 
5.6 Vadaszisporites uniformis (SINGH. 1964) n. comb. Bakony Mts, Olaszfalu. Pe—31: 
333/2.P:39,5./108.7 
7,8 Vadaszisporites minutireticulatus n.fsp. Bakony Mts. Olaszfalu. Pe—27:82.7 m/3. 
P:35,7. / I08,7 
9,10 Vadaszisporites sp. Bakony Mts, Hárskú t . Hk—4:10 /3 .P :35 ,2 - /96 ,7 
11 ,12 Vadaszisporites pseudofoveolatus ( D E Á K . 1964 ) D E Á K e t COMBAZ. 1967 B a k o n y M t s , 
Csehbánya . Cs—5:265 m /I .P:45.5. /93.6 
P l a t e 2 
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Vadaszisporilespseudofoveolalus ( D E Á K , 1964) DEÁK et COMBAZ. 1967 
Pl. 2., Figs. 11, 12. 
1 9 6 4 Microreliculatisporiles pseudofoveolalus n. sp. D E Á K , p. 1 0 6 — 1 0 7 , PL. 2 , 
Figs 1 6 — 1 8 . 
1967 Vadaszisporiles pseudofoveolalus ( D E Á K , 1964) n. comb. DEÁK et C O M B A Z , 
p.79. 
R e m a r k s : V. pseudofoveolalus is of the smallest size among the Vadaszisporiles 
species. Most specimens have a kyrtom-like labra (Fig. 12), although the exosporium 
is thick enough (2—2,5 ц). It manifests itself already in the Lower Albian deposits. 
Genus FOVEOSPORITES BALME 1957 
T y p e s p e c i e s : Foveosporiies canalis BALME 1957 
R e m a r k s : This genus was constructed by BALME ( 1 9 5 7 ) for rounded to rounded-
triangular spores of foveolate sculpture. Foveolrileles van der HAMMEN and Micro-
reliculatisporiles ( K N O X ) R . POT. et K R . distinct f rom Foveosporiies BALME. The 
first genus having a concavely triangular amb, the latter genus having a reticulate 
sculpture. 
Foveosporiies canalis BALME 1957 
P 1 . 3 . , Figs. 1 , 2 . 
1957 Foveosporiies canalis n. sp. BALME, PI . I . , Figs. 1 5 — 1 7 . 
Occurrence. It is a f requent f o r m in the Apt ian to Alb ian deposits of the Ta t abánya Basin a n d 
Gerecse Mts f rom a m o n g the Lower Cretaceous deposits in Hungary . It occurs but rarely together 
with the Vadaszisporites species. 
Foveosporiies subiriangularis (BRENNER, 1 9 6 3 ) SCHULZ, 1966 
PI. 3., Figs. 3, 4. 
1963 Foveolrileles subiriangularis n. sp. BRENNER, p. 62., P I . 16, Fig. 2. 
1966 Foveosporiies subiriangularis (BRENNER 1963) n. comb. SCHULZ, p. 134. 
R e m a r k s : The foveae of form published by us are of somewhat narrower 
lumina than those of holotype. The arrangement of this form among the Foveo-
sporiies was carried out by KEMP ( 1 9 7 1 ) and PHILLIPS et FELIX ( 1 9 7 1 ) , as well. 
Occurrence. Hunga ry : Ta t abánya Basin (Lower Albian). U S A : Mary land (Po tomac G r o u p ) . 
England: Redcliff ( U p p e r Aptian). 
Foveosporiies multifoveolalus D Ö R I N G , 1 9 6 5 
PI. 3., Figs. 5, 6. 
1965 Foveosporiies multifoveolalus n. fsp. D Ö R I N G , p. 4 3 — 4 4 , PI . 15, Figs. 3 — 5 . 
P l a t e 3. 1,2 Foveosporiies canalis BALME1957 Gerecse Mts, Sü t t ő— 3 : 1 3 /3.P:38,9./101.8 
3,4 Foveosporiies subiriangularis (BRENNER, 1963) SCHULZ. 1966 Ta t abánya Basin. 
Ta—1358:369,5 m /2. P:44.6./101,5 
5,6 Foveosporiies multifoveolalus DÖRING. 1965 T a t a b á n y a Basin. Ta—1329:461 .5 m/2. 
P :42 ,2 . / l 11,1 
7,8 Camarozonosporiies insignis NORRIS. 1967 Bakony Mts, Csehbánya . C s — 5 : 2 7 3 M/L. 
P: 30,5./108.9 
9,10 Seslrosporiles pseudoaheolalus (COUPER, 1958) DETTMANN, 1963 T a t a b á n y a Basin. 
Környe . KÖ—24:245 /1. P:42,0./101.0 
11,12 Camarozonosporiies cerniidiles (Ross, 1949) W. KR. 1959 Bakony Mts. H á r s k ú t . 
HK—4:641 12. P:38.7./111.9 
13,14 Camarozonosporiies sp. Gerecse Mts, Sü t tó—3:119 /1. P:43,4./107,L 
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Occurrence. Dör ing (1965) described i( f r o m Weslmecklenburg. f rom ihe uppermos l slage of the 
layers Wealden. In Hungary , il is f requenl in Ihe Neocomian deposits of Gerecse Mts a n d 
occurs in the Apt ian . as well. RÁKOSI (1971) described it f rom the Neocomian deposi ts of D o r o g 
Basin. 
Genus SESTROSPORITES DETTMANN 1963 
T y p e s p e c i e s : Sestrosporites irregulatus (COUPER, 1958) DETTMANN, 1963 . 
This genus was applied by DETTMANN ( 1 9 6 3 ) to the proximally smooth, distally 
foveolate-foveoreticulate trilete spore-forms whose exosporium in the interradial 
regions became thicker. 
Sestrosporites pseudoalieolaius (COUPER, 1958) DETTMANN, 1963 
PI. 3., Figs. 9, 10. 
1958 Cingulalisporites pseudoalieolaius n. sp. Couper . p. 147, PI. 25., Figs. 5, 6. 
1 9 6 3 Sestrosporites pseudoalieolaius (COUPER) n. comb. DETTMANN, p. 6 6 , PI . 13, 
Figs. 1 1 — 1 6 . 
R e m a r k s : This form was found by COUPER ( 1 9 5 8 ) , G U Y ( 1 9 7 1 ) in the Jurassic 
deposits, by DETTMANN ( 1 9 6 3 ) , SINGH ( 1 9 6 4 ) , NORRIS ( 1 9 6 7 ) , KEMP ( 1 9 7 1 ) , C O R N A 
( 1 9 7 0 , 1 9 7 2 ) in the Aptian and Albian deposits. 
In Hungary it was found in the Lower Albian deposits of Ta t abánya and Gerecse Mts . 
Genus С AM AROZONOS PO RITES (PANT ex R . РОТ. , 1 9 5 6 ) KLAUS, I 9 6 0 
T v p e s p e c i e s : Camarozonosporites cretaceus ( W E Y L A N D et KRIEGER, 1 9 5 3 ) 
R . Рот. 1956 . 
Camarozonosporites insignis NORRIS, 1967 
PI. 3., Figs. 7, 8. 
1967 Camarozonosporites insignis n. sp. NORRIS, p. 96, PI. 13, Figs. 14—16. 
Occurrence. Hungary : Bakony Mts (Middle Albian). U S A : Mary land (Alb ian—Cenonian ian) . 
C a n a d a : Alber ta (Alb ian—Cenomanian) . England: War l ingham (Apt ian—Albian) . 
Camarozonosporites cerniidites (Ross. 1949) W. KR. 1959 
PI. 3., Figs. II , 12. 
1949 Lycopodium cerniidites n. spm. Ross, p. 30—31, Pl. 1, Figs. 1—2. 
1959b Camarozonosporites cerniidites (Ross, 1949) n. comb. KRUTZSCH, p. 187. 
R e m a r k s : C. cerniidites were placed by various authors in different form-
genera. COUPER ( 1 9 5 8 ) ranged them among Lycopodiumsporites, BRENNER ( 1 9 6 3 ) 
among Lycopodiacidites. In our opinion, owing to the hamulate sculpture of the 
distal surface of the form, it is absolutely justified if we put in Camarozonosporites 
genus. It is placed by KRUTZSCH ( 1 9 6 3 , p. 2 2 ) even at subgenus level in the Cama-
rozonosporites (Camarozonosporitess) subgenus that contains only those having 
hamulate forms on their distal surface. 
Occurrence. Hunga ry : Bakony Mts (Upper Alb ian—Cenomanian) . 
Camarozonosporites sp. 
PI. 3., Figs. 13, 14. 
R e m a r k s : The form published is somewhat similar to the lorm Lycopodi-
acidites arcuaius HEDLUND 1966 its distal surface is, however, of hamulate sculpture 
L Y C O P O D I A C E A E S P O R E S F R O M L O W E R C R E T A C E O U S 33 
where the sculpture-elements are showing, in some places, a "corrugate" form. 
The proximal surface is smooth, divided into three areas. The sides of spore became 
thick interradially. 
Occurrence. Hungary: Gerecse Mts (Lower Albian) 
Conclusion 
In the sporomorpha-associations of the Lower Cretaceous deposits in Hungary, 
the spores of Lycopodiaceae-aflïnity, emphasized by us and published above, don't 
play any significant part. It may be supposed that in that Period Lycopodiaceae 
family, even if it had the due species number, did not form any association. 
In the Neocomian and Aptian deposits Retitriletes austroclavaiidites, Retitriletes 
clavatoides, Foveosporites canal is, Foveosporiles mulrifoveolatus can be found. As 
these forms are distributed enough in time and space (some species being present 
in the Jurassic deposits) as well, and in the Lower Cretaceous age having a wide 
geographical distribution, it is to be supposed that the mother-plants of these spores 
accomodated themselves well to the ecologic and climatic conditions, were species 
of cosmopolitan character. 
The great majority of the formspecies Vadaszisporiies appeared in the Middle 
and Upper Albian. The ecologic claim of these Lycopodiaceae species may already 
have been connected with the warm, more humid, subtropical-tropical climate, 
possibly with the gallery-forestlike open plant associations. 
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Abstract 
For 10 maize genotypes, the percentage of broken stalks two weeks a f te r harvesting, and 
crushing strength of 5 cm sections of the second internode were determined and crushing strength 
was compared with histological s t ructure 
The primary determinant of mechanical stalk strength appeared to be. beyond the rind thickness, 
the thickness of the sheath of the vascular bundles at the periphery of the stalk. The number o f 
vascular bundles did not differ, except in the peripheral zone, where more were present in weak-
stalked types. 
In the last few years the increased stalk-breaking in maize, that caused consider-
able yield loss in Hungary was considered to be result of monoculture, mechanized 
harvesting, application of large amounts of nitrogen fertilizer (above 160 kg/ha), 
and higher plant population. 
Research workers searching for the causes of stalk-breaking usually discuss 
the problem from the point of view of their own special field of research, emphasizing 
the overhelming importance of one of the factors possible that may be important. 
The fungi reported by Szácsi (1973), Fusarium roseum var. graminearum and 
Fusarium roseum var. culmorum were the cause of root-and stalk-rot in corn in Hun-
gary. 
K O E H L E R et al. (1925), F O L E Y (I960), and W I L C O X S O N (1962) observed that 
many broken stalks were not badly rotted, yet rotted stalks still stood upright. 
N E L S O N (1958) suggested distinguishing between two types of stalk-breaking, i.e., 
caused by susceptibility to fungi on the one hand, and caused by the poor mechancal 
strength of stalk tissue on the other. 
In order to estimate stalk strength, and often stalk-rot too, for many years 
only a single method was used, namely a percentage of broken stalks — broken 
above the ear — of a given genotype. This method provides a measure of the gross 
character, but provides little information concerning the relative importance of 
component factors, and it is seriously dependent upon environmental factors. 
Z U B E R and G R O G AN ( 1 9 6 1 ) introduced a mechanical method applicable for 
quantitative measuring. This crushing-strength measurement provides reliable 
information in regard to stalk strength of individual plants, because crushing-strength 
is significantly correlated with standing upright and rind thickness and weight of 
5 cm sections of second and third internodes. 
The question is raised whether existence of various types showing a wide range 
of stalk quality may be explained on the basis of the fine structure of stalk. 
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Inbred lines differing in lodging behaviour were studied by H U N T E R and D A L B E Y 
(1937) in the field and in the laboratory. Correlations between anatomical structure 
and field behaviour were found. Strong-stalked lines possessed thick layers o i deeply 
stained sclerenchyma, both around the vascular elements and in the subepidermis, 
and had angular cells with small intercellular spaces. 
M C R O S T I E and M A C L A C H L A N ( 1 9 4 2 ) noted that strong-stalked corn had much 
lignification beyond the rind and a large number of vascular bundles within the 
lignified area. M A G E E ( 1 9 4 8 ) reported that strong-stalked types had a low bundle 
number per square millimeter in the rind, a high percentage of sheath per bundle, 
a large stalk diameter, and a wide lignified zone. F O C K E and K U H F U S S ( 1 9 6 1 ) con-
cluded that resistance to lodging appeared to be associated with an increase in stalk 
lignification both in the peripheral tissues and in the vascular bundles. 
B O O T H R O Y D ( 1 9 6 2 ) concluded that stalk strength was not associated with the 
histological aspects considered which include the percentage of sclerenchyma sheath 
fibres per vascular bundle and per unit area of the rind. N E L S O N ( 1 9 5 8 ) established 
that genetical improvement of stalk strength had not been accompanied by the 
change in number of vascular bundles, neither in the rind nor in the pith. According 
to C H A N G and L O E S C H ( 1 9 7 2 ) the genotypic correlation between field lodging and 
bundle number in pith was essentially nil. 
In the present work we studied the relationship between mechanical stalk 
strength and morphological components of the stalk. 
Materials and Methods 
Five strong-sialked single crosses (A223XB14. EPIX W79A, Bc5 'XGK4=. A 9 0 X I 5 3 R 
Fv2X 153R) and five weak-stalked single crosses (A6I9X A632. A 2 2 3 x K b 6 \ K b 6 x K 7 1 \ Exp.29 
F7XGK.I ) were chosen on the basis of previously observed stalk lodging responses. The hybrids 
were planted in a simple randomized block design with four replications. The spacing in the case 
of hvbrids belonging to the early—maturity hybrids were planted in rows 70 cm apart and 25 cm 
between plants within rows whereas ihe later—maturing hybrids were spaced 70 cm between and 
30 cm within rows. 
1) Line released to cooperators by Zagreb. 
2) Lines used by the Cereal Research Institute of Szeged 
3) Lines used by the Institute for Irrigation in Szarvas. Hungary 
4) Lines used formerly by the University of Agricultural Sciences of Keszthely. Hungary. 
The percentage of stalk-breakage was recorded two weeks post harvesting (which occurred when 
grain mois ture was 28 per cent). Stalks samples were taken f rom the second internode above soil 
level and dried at 40 C for seven days. For the determination of n-cchanical sialk strengih. five c m 
sections were cut f rom each internode. 
Crush ing strength was measured with an oil hydraulic press, while rind thickness was evaluated 
w i t h a m i c r o m e t e r a c c o r d i n g t o l h e m e t h o d i n t r o d u c e d b y ZUBER a n d G R O G A N ( 1 9 6 1 ) . 
Six stalk sections of each hybrid were used for the histological study and lhe six observat ions 
were averaged. The sialks one centimeter thick were sawed from the center of each internode. Sections 
were boiled in distilled water for 8—10 hours and sectioned with a freezing microtome. After a his-
tochemical staining (malachit green, toluidin blue) the sections were covered in gelaiin paraffin. 
Besides micro—photographs some sections were photographed by projecting their image onto 
film with an enlarger. 
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Results and Discussion 
Our measurements showed that the types resistant to stalk-breaking belonged 
to the interval 131 —190 kilopounds, and the weak-stalked types belonged to the 
interval 50—115 kilopounds (Table 1). 
Table I. Percentage of stalk breakage and crushing strength and rind thickness 
of the second internode of the s t rong- a n d weak-stalked genotypes 
Genotypes 
Percentage of stalk 
breakage two weeks 
af ter harvesting 
( H s O % at 





A 2 2 3 X B I 4 1.3 151 1.634 
EPI X W79A 5.3 190 1.235 
Bc5 X G K4 5.7 131 1,267 
A 9 0 X I 5 3 R 6.2 175 1.428 
F v 2 x I53R 6.6 150 1.065 
A 6 1 9 X A 6 3 2 25.0 94 1.392 
A223 X K b 6 57.1 50 1.079 
Kb6 X K7I 64.0 115 1.116 
Exp.29* 65.8 54 1.097 
F 7 X G K I 84.0 79 0 .925 
S z D % 41 0.151 
* closed pedigree 
According to data obtained out of the literature and our earlier results, there 
is a significant correlation between mechanical strength and rind thickness ( Z U B E R 
a n d G R O G A N , 1 9 6 1 ) . 
The " r ind" represents a peripheral part of the stalk section which may be separat-
ed from the pith even mechanically after drying. It is a darker cylindrical ring. 
The area of rind of the second internodes was estimated at 17—24 p. c. The area 
of rind in the case of strong-stalked genotypes was somewhat larger than in the 
case of weak-stalked ones. But the mechanical strength of the stalk can not be ex-
plained merely by thickness of the rind. 
As a result of our investigations we concluded that the fine structure of the rind 
has an important role in making the stalk strong. Probably stalk strength is dependent 
on the proportion of lignified tissue elements. 
If a stalk section is magnified a few times, it is clear that the collaterally closed 
vascular bundles are closer together near the periphery than in the central paren-
chymatic ground tissue which consits of larger cells with relatively thin walls. Dis-
tribution of the vascular bundles was counted in 0,5 mm broad zones from the epi-
dermis to pith, and density was recorded in a columnal diagram (Fig. I). The number 
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of vascular bundles in ihe first zone was higher in the case of the weak-stalked 
genotypes than in the strong-stalked ones. The density of vascular bundles in the 
second, third, and fourth zones was nearly the same. 
Being merely 4 0 - 6 0 n thick, even in the lower internodes, the hypodermal 
parenchyma is presumably of little importance in strengthening the stalk. The scleri-
fied parenchyma is more important among the strengthening tissues. The rind con-
sists mostly of this tissue and it may be regarded as a transitional zone between 
ground parenchyma and hypodermal sclerenchyma. The sclerified parenchyma was, 
on an average. 0,2 — 0,3 mm larger in the strong-stalked genotypes than in the 
weak-stalked ones. The peripheral zone consisting of smaller cells and intercellular 
spaces is important not only in strengthening the stalk but also in the transport of 
metabolites as well. 
weak-stalked genotypes 
j j | strong-stalked genotypes 
Fig. I. Distr ibut ion of vascular bundles in di- Fig. 2. The avarage thickness of bundle shea ths 
fferent zones between rind and pith in in the 2 m m zone f r o m epidermis of 
the weak- and strong-stalked genotype weak- a n d strong-stalked genotypes 
0 - 0 5 0 5 - 1 0 10 -15 1 5 - 2 0 
Distonce f rom epidermis 
During the ripening period, when most of the cells in the pith die off because 
of Fusarium infection, the water transport in the plant is hardly disturbed, as the 
50—60 p. c. of vascular bundles located in the rind (Table 2) continue to function. 
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Table 2. Percentage of the r ind area of the c ross section of 2. in te rnode 
and the percentage of the vascular bundles in the r ind a n d pith 
of the 2. in te rnode at the different hybr ids 
Combina t i ons 
Percentage of the rind 
area of the cross section 
of 2. in ternode 
Percentage of the vascular 
bundles in the rind and 
pith of the 2. in ternode 
A 2 2 3 X B I 4 23.9 53—47 
EPI X W79A 20.8 46—54 
B c 5 x G K 4 20.6 55—45 
A 9 0 X I53R 23.3 54—46 
F v 2 x I53R 21.2 54—46 
A 6 I 9 X A632 23.1 60—40 
A223 X K b 6 18.9 42—58 
K b 6 x K71 18.9 54—46 
Exp.29 19.3 50—50 
F 7 X G K I 17.2 54—46 
The third strengthening tissue is the bundle sheath. This sheath, consisting 
of fibres of procambial origin, can continue to thicken as a result of sclerification 
of parenchyma cells. The thickness of bundle sheaths was, on an avarage, 20—30 p 
thicker in the strong-stalked genotypes than in the weak-stalked ones (Figs. 2, 3). 
Kb x K71 Exp. 29 
EP1 x W 7 9 A A223 x B41 
Fig. 3. Cross sections of stalk of s t rong — and weak — stalked hybrids and the hydraulic press. 
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NEW CHARACTERISTICS IN THE S U B M I C R O S C O P I C 
EXINE STRUCTURE O F T H E POLLEN GRAINS 
OF NYMPHAEACEAE F R O M AN EVOLUTIONARY 
POINT O F VIEW 
(Short communication) 
M . K E D V E S a n d J . A N T U N O V I C S 
Depart mem of Botany, Attila József University. Szeged 
(Received August 27, 1974) 
We have carried out light- and transmission-electronmicroscopic investigations 
on various Nymphaeaceae pollen grains. The transmission-electronmicroscopic 
investigations have led to two interesting results. In the foot layer of Nupliar luteum 
(L.) SM., we succeeded in observing very narrow channels, which is an unparalleled 
phenomenon in case of Dicotyledonopsida exines. It is a similar, but not identical 
characteristic that the foot layer perforated occurs in the monocotyledonous Restio-
naceae pollen grains ( C H A N D A and R O W L E Y , 1 9 6 7 ) . In the exine of Nelumbo lulea 
1. A detail of the ectexine of Nuphar luteum (L.) SM. In the foot layer, near the long spinae, there 
are nar row channels of askew course. M : X 100,000. 
2. Ultrastructure of the exine of Nelumbo lutea PERS. M : X 25,000. 
T- tectum. C-columellae, F- foo t layer. I- interbedded zone, In-intine, Ch-channels. 
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PERS.. we succeeded in demonstrating the interbedded zone, described by F R E A N 
(1973) in pollen grains of the genus Croton. 
The characteristics observed confirm to some extent the opinions concerning 
the evolutionary connection of Nymphaeaceae and, on the other hand, indicate 
that the pollen grains of Nymphaeceae are heterogenous with respect not only to 
their light-microscopic morphology but to the ultrastructure of the exine as well. 
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POLLEN GRAINS O F THE INTERPOROPOLLENITES 
FGEN. F R O M SEDIMENTS O F THE UPPER CRETACEOUS 
PERIOD IN PORTUGAL 
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Department of Botany, Attila József University, Szegeti 
(Received December 28, 1973) 
Abstract 
This paper deals with the taxonomy of the pollen grains of Interporopollenites fgen. f rom three 
habitats (Arada, Aveiro, Preza) in Portugal. Twenty-six form-species were present twenty-two of 
these new ones. The habitats investigated from a characteristic facies or level within the Upper 
Cretaceous Period, that is primarily characterized by being rich in these pollen grains. 
Introduction 
The Interporopollenites genus was described by W E Y L A N D and K R I E G E R (1953) 
from sediments of the Upper Cretaceous Period at Aachen. T H O M S O N and P F L U G 
(1953) classified all the primary short-axial angiospermous pollens, including the 
new species belonging to this genus and described by them, into the collective genus 
Extratriporopollenites P F L U G 1953a. P F L U G (1953b), in the course of founding the 
Normapolles stemma genera, applied the original name again. G Ó C Z Á N , G R O O T , 
K R U T Z S C H and P A C L T O V Á (1967), in re-elaborating the Normapolles genera, gave 
us a new description of that genus, too. The stratigraphic significance of these pollen 
grains arose particularly in K R U T Z S C H ' S paper (1966) reporting on several fsp. names 
whose detailed description is still missing. K E D V E S and D I N I Z (1967), in their preli-
minary report on the sporomorphs of sediments f rom the Upper Cretaceous Period 
at Aveiro, established the next geological period (Santon/Campan), inter alia on 
the basis of the abundant occurrence of this form-genus. Several other publications 
have since pointed out the pollen grains of this genus from numerous habitats, 
mainly from sediments of the Upper Cretaceous, but also from the Lower Tertiary 
Period. The initial description however, have, not been followed by new ones. 
H E G E D Ű S , K E D V E S and P Á R D U T Z (1972) described a new species from the Aveiro 
habitat and investigated its exine ultrastructure too. The ultrastructure results threw 
new light upon the earlier, exclusively light-microscopic results in the case of this 
genus. 
During the spore-pollen investigation of several habitats in Portugal from the 
Upper Cretaceous Period, the sporomorphous composition of "Aveiro type" was 
found in further habitats (Arada and Preza). Among the Angiospermatophyte pollen 
grains the large number and variety of forms of these are very remarkable. From the 
extremely rich material, in this paper we describe the pollen grains of the Inter-
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poropollenites fgen.; this will be followed by other publications in this way even-
tually giving a complete picture about the sporomorphous composition of the habitats 
investigated. 
Materials and Methods 
The pollen grains of the three habitats mentioned in the introduction, that are 
to be classified in the Interporopollenites fgen., are described in the following way. 
For the exine structure of course, we also use the experiences obtained during the 
electronmicroscopic investigations. As concerns the exine, we use the nomenclature 
that is already to be regarded as general in ultrastructure investigations. Unfor tu-
nately, many of them can be observed only with a light-microscope, but the caracteris-
tic possibly occurring in their described forms is also doubtful ; for instance, the 
spinae on the tectum, or the channel's in it. It is obvious, therefore, that the light-
microscopic descriptions cannot be perfect in the present state of our knowledge. 
In the diagnoses, founded in this case exclusively on light-mosecroscopic observations, 
only the observed marks are given. These will presumably be completed in the near 
future with the TEM and SEM diagnoses, only on the basis of which we can get a 
complete picture of a pollen form-species. We think, however, that in the case of 
stratigraphic and palaeoecologic investigations the method applied in present 
work is also convenient, giving a good basis for comparison in the following inves-
tigations. 
Results 
The pollen grains demonstrated can be classified into two large groups: homo-
polar pollen grains (with the same figurations on both surfaces) and heteropolar 
ones. The homopolar pollen grains can be divided into two further morphological 
groups: (1) both surfaces are without decoration, smooth; (2) both surfaces are 
decorated with the same figurations. The pollen grains demonstrated are described 
in this morphological order. 
I.I Interporopollenites milium (PF. 1953a) PF. 1953b (Plate I, 1—6). 
P l a t e I. 1-3. — Interporopollenites initium (P . 1953a) P . 1953b. prep. Preza—III—3; cross-
table No. 11.3-104.3. 
4-6. — lllllnterporopolienites initium (P . 1953a) P . 1953b, forma tetraexitus, prep. 
Preza—III—10; cross-table No. 8.8/115.8. 
7-9. — Interporopollenites endotriangulus H , K and P 1972, prep. 
Aveiro—6; cross-table No. 13.2/115.0. 
10-12. — Interporopolieniles subgranulosus n. fsp., prep. Preza—III—18; cross-table 
No. 15.8/107.4. 
13-15. — Interporopollenites rancampoae n. fsp., prep. Preza—III—6; cross-table No. 
19.3-107.0. 
16-18. — Interporopollenites rancampoae n. fsp., prep. Preza—III—7; cross-table No. 
15.2/121.1. 
19-21. — Interporopollenites rancampoae b. fsp., prep. Preza—III—3; cross-table M 
19-21. — Interporopollenites rancampoae n. fsp., prep. Preza—III—3; cross-table N o . 
11.9/115.9. 
22-24. — Interporopollenites proporus W . and K . 1953, prep. Aveiro—4; cross-
table No. 18.5/109.4. 
25-27. — Interporopollenites ornatus n. fsp., prep. Preza—III—7; cross-table No. 15.2/121.2 
M : X 1000 
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Plate I 
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P r e s e n c e : Upper Cretaceous Period, Santón/Campan: Arada. Aveiro, Preza. 
1.2. Interporopolleni les endoiriangulus H E G E D Ű S , K E D V E S and P Á R D U T Z 1972 
(Plate I, 7—9). 
P r e s e n c e : Upper Cretaceous Period, Santon/Campan: Aveiro. It is interesting 
that, apart f rom the typical habitat, it has not been found anywhere else as yet. 
1.3. Interporopollenites subgranitlosus n. fsp. (Plate I, 10—12). 
D i a g n o s i s 
The equatorial contour is triangular with convex sides. The angles of the pollen 
grain, particularly in the germinal region, are strongly prominent, and more or less 
semicircular. The surface is smooth, without decoration. The exopores are more 
or less elliptical, with a maximum size of 3.4—4 p. The extragerminal exine is 0.6 p 
thick its three layers being by and large of equal thickness. The foot layer is not sepa-
rated from the columella layer; the endannulus is 2.4—2.6 p thick. The components 
of the columella layer are comparatively large and on the whole surface of the pollen 
grain there is a marked intragranular structure. At the angles of the pollen grain, 
the columella layer becomes many times thicker. The endogerniinalia is wide, with 
a diameter of 7 p or so. 
M a x i m u m s i z e : 27p, in further specimens 26—32p. 
H o l o t y p e : Plate I, 10—12, prep. Preza—III—18; cross-table No. 15.8 107.4. 
L o c u s t y p i c u s : Preza, sediments f rom the Upper Cretaceous Period. 
S t r a t u m t y p i c u m : Carbonic clay. 
D e r i v a t i o n o m i n i s : From the structure of the exine. 
D i f f e r e n t i a l d i a g n o s i s : It can be distinguished well f rom /. milium (PF. 1953a) 
PF. 1953b by means of its larger size, the exine structure and the prominent germinal 
region. 
P r e s e n c e : Upper Cretaceous Period, Santon/Campan: Aveiro, Preza. 
1.4. Interporopollenites rancampoae n. fsp. (Plate I, 13—21). 
D i a g n o s i s 
The equatorial contour is triangular, with convex or concave sides; at the angles 
the germinal region is strongly prominent in the form of a circle. Both surfaces are 
smooth. The exopores are approximately circular, their diameters being about 2 p. 
The extragerminal exine is 1.5 p thick, and has three layers (tectum, columella layer 
and foot layer) which are by and large equal. In the germinal region, and primarily 
at the angles, the columella layer becomes extremely thick, the thickness of this one 
layer exceeding 2 p. The endannulus is about 3 p thick, and the endopore 2 p wide. 
M a x i m u m s i z e : 16 p, in further specimens 14—20p. 
H o l o t y p e : Plate I, 13—15, prep. Preza—III—6; cross-table No. 19.3/107.0. 
L o c u s t y p i c u s : Preza, sediments f rom the Upper Cretaceous Period. 
S t r a t u m t y p i c u m : Carbonic clay. 
D e r i v a t i o n o m i n i s : From Dr. M. Van Campo. 
D i f f e r e n t i a l d i a g n o s i s : It is distinguished from /. initium (PF. 1953a) PF. 
1953b, as well as from /. subgranulosus n. fsp. by its smaller size, the separate germinal 
regions, and thinner extragerminal exine. 
P r e s e n c e : Upper Cretaceous Period, Santon/Campan: Aveiro, Preza. 
2 . 1 . Interporopollenites proporus W E Y L . and K R I E G . 1 9 5 3 (Plate I , 2 2 — 2 4 ) 
P r e s e n c e : Upper Cretaceous Period, Santon/Campan: Aveiro, Preza. 
2.2. Interporopollenites ornatus n. fsp. (Plate I, 25—27; Plate 2, 1—3). 
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D i a g n o s i s 
The equatorial contour is triangular, with mildly convex sides. The germinal 
region is only slightly prominent, mainly at the angles of the pollen grain. The 
surface is granulate or finely rugulate, and the size of the sculpture components is 
1—1.5 |i. The exopores are drop-shaped, generally elongated in the radial direction, 
their average size being 3 x 2 n. Round the exogerminaliae, there is an ectexine 
thickening about 1.5 n wide, an annulus, with a granulate surface of undulatory 
rim. The exine is usually 2.5 n thick, and three—layered. The tectum is very thin 
( V = 1/2-3/1). The foot layer becomes thick centripetally in the germinal region, 
and there is an endannulus about 3 ja thick. The columella layer is not separated 
from the foot layer, and there is no vestibulum. At the angle, the columella layer 
is only a little thicker than in the extragerminal region. The endopore is about 1 n 
wide. 
M a x i m u m s i ze : 21 n, in further specimens 19—23n. 
H o l o t y p e : Plate 1, 25—27, prep. Preza—111—7; cross-table No. 15.2/121.2. 
L o c u s t y p i c u s : Preza, sediments f rom the Upper Cretaceous Period. 
S t r a t u m t y p i c u m : Carbonic clay. 
D e r i v a t i o n o m i n i s : From its decorated surface. 
D i f f e r e n t i a l d i a g n o s i s : It is well-distinguished from the other Interporopollenites 
fsp. by its characteristic sculpture, smaller size, and relatively thick exine. 
P r e s e n c e : Upper Cretaceous Period, Santon Campan: Arada, Preza. 
2.3. Interporopolleniies rugulalits n. fsp. (Plate 2., 4—9). 
D i a g n o s i s 
The equatorial contour is triangular, with straight, mildly convex or concave 
sides. Both surfaces are flat and decorated with I—4|i wide rugulate elements. The 
exopores are elliptical, their average size being 2 x 3 n. The extragerminal exine is 
I n thick, and three-layered; the tectum, columella layer, and foot layer are of equal 
thickness. At the angles, the columella layer becomes a little thicker, and the two 
external layers of the ectexine are I n thick here too. The foot layer in the germinal 
region becomes very thick. The endannulus is wedge-shaped and mostly 2yt thick. 
The endopore is 3 n in diameter, widening out centrifugally. 
M a x i m u m s i z e : 26 n, in further specimens 24—30n. 
H o l o t y p e : Plate 2, 4—6, prep. Preza—III—5; cross-table No. 15.9/104.3. 
L o c u s t y p i c u s : Preza, sediments from the Upper Cretaceous Period. 
S t r a t u m t y p i c u m : Carbonic clay. 
D e r i v a t i o n o m i n i s : From the characteristic sculpture of the pollen grain. 
D i f f e r e n t i a l d i a g n o s i s : It differs from /. ornatus n. fsp. in its characteristic 
sculpture and in having no decoration round the endopores. 
P r e s e n c e : Upper Cretaceous Period, Santon/Campan: Aveiro, Preza. 
2.4. Interporopollenites weylandi n. fsp. (Plate 2., 10—12). 
D i a g n o s i s 
The middle part of the pollen body is approximately circular. The germinal 
region is circularly very prominent. On both surfaces, the exine part that connects 
the germinal regions is more or less prominent, with a Y shape. In the prominent 
part, the exine is somewhat thicker than in other parts of the pollen grain. The 
ornamentation is rugulate. The extragerminal exine on the equator is extremely thin, 
about 0.4—0.5 n_ Often even the triple division of the ectexine cannot be recognized. 
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The surface is smooth. The exospores are generally elliptical, their maximum size 
being about 4—6 p. In the germinal region, the tectum and columella layer of the 
ectexine are considerably thicker than the extragerminal ectexine: 1.3—1.5 p. The 
separation of the tectum and columella layer is marked in this region. The vestibulum 
is comparatively large, the foot layer curving, often having in its middle a hardly 
observable endogerminalia, with an about 3 p diameter. There is no endannulus. 
M a x i m u m s i z e : 28p, in further specimens 24—30p. 
H o l o t y p e : Plate 2, 10—12, prep. Preza—III—19; cross-table No. 8.1/109.0. 
L o c u s t y p i c u s : Preza. sediments from the Upper Cretaceous Period. 
S t r a t u m t y p i c u m : Carbonic clay. 
D e r i v a t i o n o m i n i s : From Prof. Dr. R. H. Weyland, one of the describers of 
the genus. 
D i f f e r e n t i a l d i a g n o s i s : It is well-distinguished from the other pollen grains 
by its vestibulum and characteristic thickening. 
P r e s e n c e : Upper Cretacous Period, Santon/Campan: Preza. 
2.5. Interporopollenites nagvae n. fsp. (Plate 2, 13—18). 
D i a g n o s i s 
The equatorial contour is triangular, with convex or undulatory sides. The 
characteristic of the form-species is given by the comparatively thick ectexine, with 
verrucate-rugulate decoration and, on both surfaces, with 4 p wide ectexine thickenings 
(arci) passing from angle to angle, their rim being undulatory, leaving in the middle 
a thinner ectexine part that is by and large triangular. The extragerminal exine 
is generally 2.5 p thick. Of the three layers, the foot layer is the thinnest, while the 
tectum and the columella layer are by and large of equal thickness. The columella 
layer is a little separated from the thickened foot layer. In contrast to the other 
form-species, in the angles the columella layer grows a little narrow. The combined 
thickness of it and the tectum is only I p. The endannulus is 1.5 p thick, and the 
diameter of the endogerminalia is 3 p or so. 
M a x i m u m s i z e : 20p, in further specimens 18—22p. 
H o l o t y p e : Plate 2, 13—15, prep. Preza—III—8; cross-table No. 14.0/106.9. 
L o c u s t y p i c u s : Preza, sediments from the Upper Cretaceous Period. 
S t r a t u m t y p i c u m : Carbonic clay. 
D e r i v a t i o n o m i n i s : From Dr. E. Nagy. 
P l a t e 2. 1-3. — Interporopolleniles ornatiis n. fsp., prep. P reza— I I I—17; cross-table No. 
17.2/108.8. 
4-6. — Interporopolleniles rugulatus n . fsp.. prep. Preza—III—5; cross-table No. 
21.2/107.0. 
10-12. — Interporopolleniles weylandi n. fsp. , prep. Preza—III—19; cross-table No. 
8.1/109.0. 
13-15. — Interporopolleniles nagvae n. fsp. , prep. Preza—8; cross-table N o . 14.0/106.9. 
16-18. — Interporopolleniles nagyae n . fsp., prep. Preza—III—1 ;cross- table N o . 17.0/105.6 
19-21 .— Interporopolleniles zaklinskaiae n . fsp.. prep. Preza—III—3; cross-table N o . 
8.2/116.2. 
22-24. — Interporopolleniles zaklinskaiae n . fsp., prep. P r e z a — I I I — I I ; cross-table N o . 
5.6/104.5. 
25-27. — Interporopolleniles mieroporus n. fsp. . prep. Avei ro—8; cross-table No.4.2-104.9. 
28-30. — Interporopolleniles mieroporus n . fsp. . prep. Preza—III—8( cross-table N o . 
9.0-118.1. 
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D i f f e r e n t i a l d i a g n o s i s : It is distinguished from the other pollen grains of the 
form-genus by its characteristic decorative elements. 
P r e s e n c e : Upper Cretaceous Period, Santón/Campan: Arada, Preza. 
2.6. Inierpropollenites zaklinskaiae n. fsp. (Plate 2, 19—24). 
D i a g n o s i s 
The equatorial contour is triangular, with straight or convex sides, and with 
a half-ball shaped germinal region which is strongly separated from the pollen body. 
On both proximal and distal surfaces there is a characteristic thickened arcus, about 
2.4—3 n wide, f rom angle to angle, that is perforated finely, and contains in the middle 
of both poles a by and large triangular space. The level of the exopores is in the 
germinal part, below the exine part mentioned. The arci partly convert up the ellip-
soidal exopores whose maximum size is about 5 n_ The extragerminal exine on the 
equator is extremely thin; it is always below 0.5 n : 0.3—0.4 The surface is smooth. 
The triple division of the exine cannot be recognized exactly because of its being 
extremely thin. In the germinal part, however, the exine is very thick. The foot 
layer forms a 2.4 n thick endannulus. There is no vestibulum. The tectum is very 
narrow. At the angles of the pollen, a large part of the ectexine is given by the 
columella layer, whose structure, too, can be recognized a little. The endogerminalia 
is 2.4 n wide. 
M a x i m u m s i ze : 24n, in further specimens 20—30^. 
H o l o t y p e : Plate 2, 19—21, prep. Preza—III—3; cross-table No. 8.2/116.2. 
L o c u s t y p i c u s : Preza, layers from the Upper Cretaceous Period. 
S t r a t u m t y p i c u m : Carbonic clay. 
D e r i v a t i o n o m i n i s : From Prof. Dr. Zaklinskaia, E.D. 
D i f f e r e n t i a l d i a g n o s i s : Its prominent germinal region and the decorated surface 
of the arci differ from those of 1. nagyae n. fsp. 
P r e s e n c e : Upper Cretaceous Period, Santon/Campan: Aveiro, Preza. 
2.7. Interporopollenites microporus n. fsp. (Plate 2, 25—30). 
D i g n o s i s 
The equatorial contour is triangular, with straight or mildly concave sides. 
The germinal region is not prominent. On both surfaces, the ectexine grows signi-
ficantly thick arci, surrounding a triangular space in the middle. It does not surround 
the angles but is united before them. Along the sides, the surface formations are 
about \ n wide and approximately 2 near the poles. The exopores are remarkably 
small, their maximum diameter not exceeding 0.5 n ; their shape is circular. Owing 
to the characteristic formations of the pollen grains, the structure of the equatorial 
exine can be studied only with difficulty. The extragerminal exine is generally I \i 
thick, the three layers being by and large of equal thickness. The foot layer in the 
germinal region becomes characteristically thick, about I JI, forming a more or less 
wedge-shaped endannulus. The endopore is comparatively wide, its diameter being 
about 2 n . 
M a x i m u m s i z e : 12n, in further specimens 10—14p. 
H o l o t y p e : Plate 2, 25—27, prep. Aveiro—8, cross-table No. 4.2/103.9. 
L o c u s t y p i c u s : Aveiro, layers f rom the Upper Cretaceous Period. 
S t r a t u m t y p i c u m : Carbonic clay. 
D e r i v a t i o n o m i n i s : From its small exopores. 
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D i f f e r e n t i a l d i a g n o s i s : It is distinguished from the similar pollen grains by 
its small size and characteristic surface decoration. 
P r e s e n c e : Upper Cretaceous Period, Santon/Campan: Aveiro, Preza. 
The heteropolar pollen grains are similarly divided two subgroups: (1) only 
one surface of the pollen grains is decorated, while the other is smooth; (2) both 
surfaces are decorated, the decoration being different. 
3.1. Inlerporopollenites nimbus PF. 1953b (Plate 3, 1—3). 
P r e s e n c e : Upper Cretaceous Period, Santon/Campan: Arada. Aveiro. 
3.2. Inlerporopollenitesplicatus n. fsp. (Plate 3, 4—6). 
D i a g n o s i s 
The equatorial contour is triangular, with mildly convex or concave sides. 
On one of the surfaces there are definite, narrow arci, passing from angle to angle. 
The exopores are mostly radially-oriented ellipsoidal or drop-shaped, with an 
average size of 3 .4x2yi . The other surface is smooth. In the extragerminal region 
it is thin, usually I ji, the tectum, columella layer, and foot layer being by and large 
of equal thickness. At the angles of the pollen grain, the columella layer becomes 
thick; the combined thickness of the two external layers is about 1.5 n. The endan-
nulus is small, often hardly observable. It is 2\i thick. 
M a x i m u m s i ze : 35 n, in further specimens 32—40ji. 
H o l o t y p e : Plate 3, 4—6; prep. Arada—8—1, cross-table No. 19.3/119.4. 
L o c u s t y p i c u s : Arada, sediments from the Upper Cretaceous Period. 
S t r a t u m t y p i c u m : Carbonic clay. 
D e r i v a t i o n o m i n i s : From the characteristic plicae-like arci. 
D i f f e r e n t i a l d i a g n o s i s : It is well distinguished from I. nimbus PF. 1953b by its 
much larger size and its plicae-like arci, and by that the arci surround a thin-walled 
triangular space. In I. nimbus PF. 1953b the arci are Y-shaped. 
P r e s e n c e : Upper Cretaceous Period, Santon/Campan: Arada. 
3.3. Inlerporopollenites triangulus n. fsp. (Plate 3, 7—9). 
D i a g n o s i s 
The equatorial contour is triangular, with straight sides and angles rounded off 
only a little. It is a heteropolar pollen, but this is only slightly marked. On one side, 
at the pole, there is a more or less triangular exine attenuation. There are no further 
differentiations in the pollen grain. The exopores are generally radially-oriented, and 
ellipsoidal or drop-shaped. Their lenght is about 3.4 n, and their width 1 n or so. 
The extragerminal exine on the equator is 1.8 n thick. The foot layer reaches about 
half the complete thickness of the ectexine; the tectum is a little thicker than the 
columella layer. There is no vestibulum. The endannulus is generally 3 n thick. 
In the apex, the tectum and foot layer are about 1 n. and the diameter of endopore 
is similarly 1 n. 
M a x i m u m s i z e : 17 n, in further specimens 15—20n. 
H o l o t y p e : Plate 3, 7—9, prep. Preza—III—2; cross-table No. 21.0/109.4. 
L o c u s t y p i c u s : Preza, sediments from the Upper Cretaceous Period. 
S t r a t u m t y p i c u m : Carbonic clay. 
D e r i v a t i o n o m i n i s : From its characteristic triangular contour. 
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D i f f e r e n t i a l d i a g n o s i s : It is distinguished from /. nimbus PF. 1953b. which is 
similar in size to it. by the shape of the exopores and the exine-attenuation at one 
of the pollen. 
P r e s e n c e : Upper Cretaceous Period. Santón/ Campan: Preza. 
3.4. Inierporopolleniies ihomsoni n. fsp. (Plate 3, 13—15). 
D i a g n o s i s 
The equatorial contour is triangular, with convex sides. The germinal region 
is a little prominent and on the surface, round the exospores, there is a well-de-
finiable annulus about 4 p wide; the other surface is smooth, without any particular 
formation. The exopores have 3.5—4 p diameters and are circular or ellipsoidal. 
The extraaerminal exine in the equatorial region is generally about I p thick, and 
the tectum, columella layer, and foot layer are by and large equally thick. In the 
germinal region, the thickened foot layer links up closely with the columella layer. 
The endannulus is characteristically wedge-shaped, and 5 p thick. At the angle of 
the pollen grain the germinal tectum and columella layer are comparatively thin. 
M a x i m u m s i z e : 30p, in further specimens 27—32 p. 
H o l o t y p e : Plate 3, 13—15, prep. Preza—III—22; cross-table No. 20.9/110.9. 
L o c u s t y p i c u s : Preza, sediments from the Upper Cretaceous Period. 
S t r a t u m t y p i c u m : Carbonic clay. 
D e r i v a t i o n o m i n i s : In memory of Prof. Dr. P. W. Thomson. 
D i f f e r e n t i a l d i a g n o s i s : It is distinguished within the form-genus by means 
of its characteristic annuli and by the absence of arci. 
P r e s e n c e : Upper Cretaceous Period, Santon/Campan: Preza. 
3.5. Inierporopolleniies krempi n. fsp. (Plate 3, 16—21). 
D i g n o s i s 
The equatorial contour is triangular, generally with straight sides. On one of 
the surfaces, there are Y-shaped arci. This widens out a little at the angles; similarly, 
as for /. nimbus, the other surface is smooth. The exopores are small and circular, 
and their diameter does not generally exceed 0.5 p. The extragerminal exine is thin, 
aenerally 0 .6p thick; the tectum, columella layer, and foot layer are by and large 
of equal thickness. In the germinal region, the columella layer is only a little thicker 
P l a i c 3 1-3 — Inierporopolleniies nimbusP . 1953b. prep. A v e i r o - 4 ; cross-table No. 18.5/109^4 
4.6 — Inierporopolleniies plicaiusn. fsp.. prep. A r a d a — 8 — 1 ; crosst table No.19.3/119.4 
7.9. —Inierporopolleniies Iriangulus n . fsp., prep. Preza—III—2; cross-table N o . 
10-12. — Inierporopolleniies guineii n. fsp. P reza—II I—1; cross-table No. 9.3/120.9 
13-15. _ Inierporopolleniies ilwmsoni n . fsp.. prep. P reza—II I—22; cross-table No. 
16-18. - Inierporopolleniies krempi n. fsp.. prep. Avei ro—2; cross-table N o 8.1/118^9. 
19.21 — Inierporopolleniies krmpi n. fsp. prep. . Avei ro—8; cross-table No. 15.0/ MW 
->2-24. — Inierporopolleniies guineii n. fsp. . prep. Avei ro—2: cross-table No. 6.8 110 2 
25-27. — Inierporopolleniies concavus n. fsp. . prep. Preza—III—10; cross-table N o . 
8 8/111 ^ 
28-30. — Inierporopolleniies slanleyi n . fsp. , prep. Preza—III—24; cross-table No. 
31.33. _ \ni~erporopollenites slanleyi n. fsp., prep. Avei ro—23; cross-table N o . 6.5 117.7. 
34.36. — Inierporopolleniies slanleyi n. fsp. p.rep. P reza—II I—2; cross-table N o . 
16.2/117.4. 
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than in the extragerminal region. There is a small vestibulum and a similarly smaii, 
drop-shaped endannulus. The diameter of the endopore is about 1.5 |i. 
M a x i m u m s i z e : 11 n, in further specimens 9 — I 4 n . 
H o l o t y p e : Plate 3, Ifr—18; prep. Aveiro—2, cross-table No. 8.1/118.9. 
L o c u s t y p i c u s : Aveiro, sediments from the Upper Cretaceous Period. 
S t r a t u m t y p i c u m : Carbonic clay. 
D e r i v a t i o n o m i n i s : From Prof. Dr. G. O. W. Kremp. 
D i f f e r e n t i a l d i a g n o s i s : It is well-distinguished from /. nimbus PF. 1953b mainly 
by its smaller size. 
P r e s e n c e : Upper Cretaceous Period, Santon/Campan: Aveiro. 
3.6. Inlerporopollenitesguineli n. fsp. (Plate 3, 10—12, 22—24). 
D i a g n o s i s 
The equatorial contour is triangular, with concave sides; the angles are rounded, 
and the germinal region is a little prominent. On the one side there are very signi-
ficant arci that are generally 2 n wide and leave a regular triangular part free in the 
middle. The exopores are more or less drop-shaped, their length being about 2 n 
and their width 0.7 ti or so. The other surface is smooth. The extragerminal exine 
on the equator is generally I n thick; the tectum, columella layer, and foot layer 
are by and large no surface decorating elements or tectum perforations can be 
recognized. The foot layer in the germinal region does not become separated f rom 
the columella layer and does not form any endannulus. The endogerminaliae are 
about 1.5 n thick. The columella layer at the angles becomes very thick. 
M a x i m u m s i ze : Plate HI, 10—12, prep. Preza—III—I, cross-table No. 9.3/120.9. 
L o c u s t y p i c u s : Aveiro, sediments from the Upper Cretaceous Period. 
S t r a t u m t y p i c u m : Carbonic clay. 
D e r i v a t i o n o m i n i s : From Dr. Ph. Guinet. 
D i f f e r e n t i a l d i a g n o s i s : It is well-distinguished from the former form-species 
by the arci, which are parallel with the equator of one of the surfaces, and also by 
the larger size. 
P r e s e n c e : Upper Cretaceous Period, Santon/Campan: Aveiro. 
3.7. Inlerporopollenites concavus n. fsp. (Plate 3, 25—27). 
D i a g n o s i s 
The equatorial contour is triangular, with concave sides; the angles are widely 
rounded, are sometimes nearly angular. On the sculptured surface, there is a charac-
teristic exine thickening, arci. connecting the sides of the germinaliae of the pollen 
grain and surrounding half the exopores too. The other surface is smooth. The 
exopores are mostly ellipsoidal, with a maximum size of 2—2.5 The extragerminal 
exine on the equator is 1.5 n thick, the tectum, columella layer, and foot layer being 
generally of equal thickness. In the germinal region, the thickening foot layer is not 
separated from the columella layer. There is no vestibulum. The endannulus is more 
or less wedge-shaped, its maximum width being 2 | i . In the poles of the pollen grain 
the columella layer becomes thick, together with the tectum being as thick as the 
extragerminal exine. The endogerminalia is wide, with a diameter of about 4 n. 
M a x i m u m s i z e : 23 n, in further specimens 20—25 
H o l o t y p e : Plate 3, 25—27, prep. Preza—III—10, cross-table No. 8.8/111.5. 
L o c u s t y p i c u s : Preza, sediments from the Upper Cretaceous Period. 
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S t r a t u m t y p i c u m : Carbonic clay. 
D e r i v a t i o n o m i n i s : From its concave contour . 
D i f f e r e n t i a l d i a g n o s i s : The surface formation of one side, and the size and 
the form of the pores are good distinguishing marks within the form-genus. 
P r e s e n c e : Upper Cretaceous Period, San ton /Campan : Preza. 
3.8. InterporopoUenites Stanley! n. fsp. (Plate 3, 28—36). 
D i a g n o s i s 
The equatorial contour is tr iangular, with mildly convex sides, and the germinal 
region isa little prominent. One of the sides is smooth, without any surface formations, 
On the other side, there are characteristic arci, about 4 p wide, r ibbon-shaped, and 
reaching f rom pore to pore. In the middle is a regular triangular part thin-walled. 
In the middle is a regular triangular part thin-walled. The exopores are elliptical 
or circular, oriented in the radial direction, their maximum size being about 3 p. 
The extragerminal equatorial ectexine is generally 1 p thick, the tectum, columella 
layer, and foot layer are largely of the same thickness. In the germinal region, the 
foot layer is a little separated f rom the columella layer; there is a small veslibulum, 
which thickened clublike, creates an endannulus that is generally 1.3 p thick. At 
the angles, the columella layer becomes very thick; it is about the quadruple of that 
in the equatorial region. The endopores are 3.5—3.8 p wide. 
M a x i m u m s i z e : 22 p, in fur ther specimens 20—25 p. 
H o l o t y p e : Plate 3, 28—30, prep. Preza—111—24; cross-table No. 16.2/114.1. 
L o c u s t y p i c u s : Preza, sediments f rom the Upper Cretaceous Period. 
S t r a t u m t y p i c u m : Carbonic clay. 
D e r i v a t i o n o m i n i s : From Prof. Dr. E. A. Stanley. 
D i f f e r e n t i a l d i a g n o s i s : It is distinguished f rom I. guineti n. fsp. by its wide 
surface formations. 
P r e s e n c e : Upper Cretaceous Period, San ton /Campan: Preza. 
4.1. Interporopollenites pfltigi n. fsp. (Plate 4, I—6). 
D i a g n o s i s 
The equatorial contour is tr iangular, generally with straight sides. The angles 
are rounded, the germinal region being a little prominent. Both surfaces, are decorat-
ed. On the one side, beside the Y-shaped wide arcus there is a characteristic ectexine 
at tenuation parallel to the sides and having the shape of a split or narrow crescent, 
about 5—6.5 p long and I — l . 5 p wide. The exopores are mostly radially-oriented 
ellipsoidal, measuring I — 1 . 5 x 3 — 4 p. The surface including that of the arci seems 
to be smooth and perforation-free. On the other side, the exopores correspond 
to the former ones with respect to size and arrangement, but at the pole there is a 
largely circular, finely-granular ectexine thickening 4 p wide. The exopores are 
surrounded in the centripetal direction by a similar, finely-granular ectexine thick-
ening that seems to be smooth at the apex of the pollen. Its width is about 4 p. 
The exine consist only of ectexine, being 1.5 p extragerminally; the tectum, columella 
layer, and foot layer are by and large equally thick. The foot layer in the germinal 
region becomes very thick, forming a more or less club-shaped endannulus. The 
germinal columella layer becomes similarly very thick as compared with the extra-
germinal region. There is no vestibulum; the endogereminalia is generally 4 p wide. 
M a x i m u m s i z e : 2 6 p , in further specimens 24—32p. 
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H o l o t y p e : Plate 4, I—3, prep. Arada—8—7; cross-table No. 14.5/111.2. 
L o c u s t y p i c u s : Arada, sediments from the Upper Cretaceous Period. 
S t r a t u m t y p i c u m : Carbonic clay. 
D e r i v a t i o n o m i n i s : From Prof. Dr. H. PFLUG, t hee l abora to ro f the Normapolles 
stemma taxonomy. 
D i f f e r e n t i a l d i a g n o s i s : The comparatively strong and different decorations of 
both surfaces are well-distinguished within the form-genus. 
P r e s e n c e : Upper Cretaceous Period, Santon/Campan: Arada. 
4.2. Inlerporopolleniies prezaensis n. fsp. (Plate 4, 7—15). 
D i a g n o s i s 
The equatorial contour is triangular, with convex sides; the germinal region is 
semicircularly prominent. On one of the surfaces, there is a characteristic Y-like 
arcus. This is given by the thicker part of the ectexine, the rim of which is undulatory 
and strongly enlarged near the angles of the pollen grain. The exopoies are more 
or less triangular or ellipsoidal, oriented in the tangential direction, their size being 
about 4—4.5 n. On the other surface, the germinal foramina are surrounded essen-
tially by flat, wide, oculus-like annuli. On this surface, the exopores are generally 
ellipsoidal, oriented radially, their maximum size being 5—6\x. The extragerminal 
exine on the equator is about 2 n thick; the tectum is narrow, and its thickness cannot 
be established light-microscopically. The perforations of the tectum can be seen 
well with a light-microscope. On the surface, no decoration is to he observed. The 
columella layer is well separated, but a detailed morphology of its elements cannot 
be recognized light-microscopically. Of the three layers, in the extragerminal region 
on the equator the foot layer is the thickest one. At the vestibulum, the columella 
layer is the thickest one. At the vestibulum, the columella layer becomes thick; 
round the endopores the foot layer does the same, forming characteristic endannuli. 
The endopores have diameters of about 4 n. 
M a x i m u m s i ze : 43n . in further specimens 40—48|j. 
H o l o t y p e : Plate 4, 7—9, prep. Preza—III—2; cross-table No. 11.4/115.8. 
L o c u s t y p i c u s : Preza, sediments from the Upper Cretaceous Period. 
S t r a um t y p i c u m : Carbonic clay. 
D e r i v a t i o n o m i n i s : From Preza, the typical habitat. 
D i f f e r e n t i a l d i a g n o s i s : It is distinguished well from /. pflugi n. fsp. by its 
larger size and the decoration of its surface. 
P r e s e n c e : Upper Cretaceous Period, Santon/Campan: Preza. 
4.3. Inlerporopolleniies heieropolalus n. fsp. (Plate 5, 1—6). 
D i a g n o s i s 
The equatorial contour is triangular, generally with straight sides. In one of 
the angles, there is an ectexine attenuation of about 4\ i diameter. On both surfaces, 
P l a t e 4. 1-3. — Inlerporopolleniies pflugi-n. fsp.. prep. Arada—8—7; cross-table No . 14.5/111.2. 
4-6. — Inlerporopolleniies pflugi-n. fsp., prep. Preza—III—4: cross-table No . 19.9/116.4 
7-9. — Inlerporopolleniies prezaensis n. fsp.. prep. Preza—III—2: cross-table N o . 
11.4/115.8. 
10-12. — Inlerporopolleniies prezaensis n. fsp. . prep. Preza—III—5: cross-table No . 
10.6/115.8. 
13-15. — Inlerporopolleniies prezaensis n. fsp.. prep. Preza—III—3; cross-table No. 
18.8/116.5. 
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there are characteristic arci, mostly surrounding a triangular space and uniting 
circularly round the exopores. The exopores can sometimes be observed with 
difficulty; they are small and circular, their maximum size being about I n. The 
extragerminal exine is very thin, generally 0,6 n; the tectum, columella layer and 
foot layer are equally thick. The foot layer becomes only a little thicker in the germinal 
region; the endannulus is drop-shaped, its thickness not generally reaching I n. 
There is a small vestibulum; the diameter of the endopore is 1.7 n. 
M a x i m u m s i z e : I5n , in further specimens 12—18 
H o l o t y p e : Plate 5, 1—3, prep. Aveirc—14; cross-table No. 8.2/112.8. 
L o c u s t y p i c u s : Aveiro, sediments from the Upper Cretaceous Period. 
S t r a t u m t y p i c u m : Carbonic clay. 
D e r i v a t i o n o m i n i s : From the two different surfaces of the pollen grain. 
D i f f e r e n t i a l d i a g n o s i s : It is well-distinguished from pollen grains of similar 
type by its smaller size. 
P r e s e n c e : Upper Cretaceous Period, Santon/Campan: Aveiro. 
4.4. Inierporopollenites ateiroensis n. fsp. (Plate 5, 7•—9, cf. 10—12). 
D i a g n o s i s 
The contour is more or less hexagonal, with rounded angles. In the middle of 
one the poles, there is a small Y-shaped tetrad mark. In the germinal region, round 
the exopores, the ectexine becomes somewhat thicker and from angle to angle 
there is a wide Y-shaped formation. The rim of the thickening is undulatory, and 
round the tetrad-mark the exine is a little thicker. On the other side, the thickening 
extends only over the surroundings of the exogerminaliae, centripetally from the 
equator being about 5 times wider than along the equatorial contour. This thickening, 
that is essentially an annulus, is reminiscent of the oculus. The exogerminaliae grow 
longer in the tangential direction; they are split-like, and 1 0 x 2 — 3 n in size. The 
surface of the pollen grain is smooth or a little scabrate. The extragerminal exine is 
about thick. The we 11-separated tectum and columella layer are more or less 
of the same thickness. In the germinal region, the columella layer becomes somewhat 
thick. The vestibulum is marked and the foot layer becomes very thick. There is an 
endannulus of centripetal direction. The endopores are by and large 3 n wide. 
M a x i m u m s i z e : 25 n, in further specimens 22—30(i. 
H o l o t y p e : Plate 5, 7—9, prep. Aveiro—15; cross-table No. 5.9/101.7. 
L o c u s t y p i c u s : Aveiro, sediments from the Upper Cretaceous Period. 
S t r a t u m t y p i c u m : Carbonic clay. 
D e r i v a t i o n o m i n i s : From Aveiro, the habitat of the typical specimen. 
D i f f e r e n t i a l d i a g n o s i s : Its essential morphological marks are the same as those 
P l a t e 5. 1-3. —Inierporopollenites lieieropolalus n. fsp.. prep. Averio—14; cross-table No. 
8 .2 /112 .8 . 
4-6. — Inierporopollenites heleropolatus n. fsp., prep. Averio—8; cross-table No. 
14.6/111.7. 
7-9. — Inierporopollenites ateiroensis n. fsp., prep.Aveiro—15; cross-table No.5.9/101.7. 
10-12. — Inierporopollenites cf. aveiroensis n. fsp., prep. Aveiro—I; cross-table No. 
10.1/114.9. 
13-15. — Interporopolleniles dinizae n. fsp.. prep. Aveiro—2; cross-table No. 15.5/107.2. 
16-18. — Interporopolleniles dinizae n. fsp., prep. Preza—III—2; cross-tablc No. 7.9/105.0. 
22-24. — Interporopolleniles cf. goczani n. fsp., prep. Aveiro—16; cross-table No. 6.3/130.5 
25-27. — Interporopolleniles kriegeri n. fsp.. prep. Aveiro—14; cross-table No. 9.9/108.0. 
M : XI000 
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o f / , prezaensis n. fsp. It is well-distinguished primarily by the shape of the exogermi-
naliae, while in addition the smaller size and the form of the conture are to be men-
tioned as well. 
P r e s e n c e : Upper Cretaceous Period, Santon/Campan: Aveiro. 
4.5. Inlerporopollenites dinizae n. fsp. (Plate 5, 13—18). 
D i a g n o s i s 
In polar aspect the contour is triangular, with rounded angles and convex sides. 
The germinal region is not prominent; the surface is smooth, and a thickening 
can be observed only round the exogerminal pores. This thickening is not the same 
on both surfaces. The less-developed sculpture is essentially a 1.4—2p wide annulus 
of irregular rim; the more developed one on the other surface similarly surrounds 
the exogerminal pores, but it also extends towards the pole of the pollen grain and 
these three annuli nearly or completely unite. The exogerminal pores are located 
comparatively in the neighbourhood of the centre of the pollen grain; their rim is 
irregularly undulatory, their shape is mostly radially stretched, and their maximum 
size is about 4 n . The extragerminal exine is 1.2—1.5 p thick, the foot layer being 
the thickest of the three layers. In the germinal region, the foot layer becomes a 
little thicker and there is an endannulus curving in towards the pollen centre. The 
thickness of the endannulus is 2 p or so, and the width of the endopore is about 
I — 1.4 p. 
M a x i m u m s i ze : 23 p, in further specimens 20—27 p. 
H o l o t y p e : Plate 5, 13—15, prep. Aveiro—2; cross-table No. 15.5/107.2. 
L o c u s t y p i c u s : Aveiro, sediments from the Upper Cretaceous Period. 
S t r a t u m t y p i c u m : Carbonic clay. 
D e r i v a t i o n o m i n i s : From Dr. F. Diniz who made the material of investigation 
available to us. 
D i f f e r e n t i a l d i a g n o s i s : It is well-distinguished from the pollen grains of similar 
size by its characteristic sculpture. 
P r e s e n c e : Upper Cretaceous Period, Santon/Campan: Preza. 
4.6. Inlerporopollenitesgoczani n. fsp. (Plate 5, 19—21, cf. 22—24). 
D i a g n o s i s 
The equatorial contour is triangular, with mildly convex or straight sides. The 
germinal region is not or only a little prominent. On one of the surfaces there arc 
arci about 6 p wide, and on the poles there is a tirangular-shaped exine part. The 
exopores are approximately circular or ellipsoidal oriented in the radial direction, 
with average size 3 p and respectively 2 x 4 p . Round the pores, in the centripetal 
direction, there is an annulus about 3—4p wide which is decorated on both surfaces 
with granules of finely rugulate elements. The extragerminal exine is about 2 p thick. 
The foot layer is the thickest of the three layers, comprising half of the total thickness 
of the ectexine. The tectum and the columella layer are by and large of equal thick-
ness. At the angles the tectum and the columella layer are 1.5 p. In the germinal 
region, the foot layer becomes very thick and forms a maximum 4 p thick wedge-
shaped endannulus. The endopore is wide, its diameter generally being 5 p. 
M a x i m u m s i z e : 32p, in further specimens 29—36p. 
H o l o t y p e : Plate 5, 19—21, prep. Preza—III—2; cross-table No. 8.8/120.2. 
L o c u s t y p i c u s : Preza, sediments from the Upper Cretaceous Period. 
S t r a t u m t y p i c u m : Carbonic clay. 
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D e r i v a t i o n o m i n i s : From Dr. F. Góczán. 
D i f f e r e n t i a l d i a g n o s i s : It is well-distinguished from /. dinizae n. fsp. by arci 
on the side, f rom I. plicaius n. fsp. by the shape of the annulus and the ornamentation. 
P r e s e n c e : Upper Cretaceous Period, Santon/Campan: Preza. 
4.7. Interporopolleniles kriegeri n. fsp. (Plate 5, 25—27). 
D i a g n o s i s 
The equatorial contour is triangular, with rounded angles and convex sides. 
The germinal region is not prominent from the equatorial amb of the pollen grains. 
It is characteristic of the surface ornamentation that it is only slightly marked. 
One of the sides is nearly entirely smooth the exine becoming a little thicker only 
round the exopores, and a narrow annulus appears. On the other side, there is a 
Y-shaped arcus with a full width of about 7—10 n. The exopores are circular or 
ellipsoidal, their maximum size being 2—3 n. The thickness of the extragerminal 
exine is about 1 n_ The tectum, columella layer and foot layer are of almost equal 
thickness. The foot layer gradually becomes thicker in the direction of the germinal 
region, forming a wedge-shaped endannulus with maximum thickness of 3p . In the 
germinal region, the foot layer is not separated from the columella layer. The dia-
meter of the endogerminalia is about 5 |i. 
M a x i m u m s i z e : 25 p, in further specimens 22—28 p. 
H o l o t y p e : Plate 5, 25—27, prep. Aveiro—14; cross-table No. 9.9/108.0. 
L o c u s t y p i c u s : Aveiro, sediments from the Upper Cretaceous Period. 
S t r a t u m t y p i c u m : Carbonic clay. 
D e r i v a t i o n o m i n i s : From Dr. W. Krieger, one of the authors of the form-genus. 
D i f f e r e n t i a l d i a g n o s i s : It is well-distinguished within the form-genus by its 
only slightly-marked decorating elements. It can be distinguished from /. aveiroensis 
n. fsp. by the shape of the annuli. 
P r e s e n c e : Upper Cretaceous Period, Santon/Campan: Aveiro. 
Discussion of results 
With regard to the form-species treated in our work it must be stated that this 
level is extremely rich in these pollen grains, even in an international relation. 
Notwithstanding that the publications generally indicate one form or two within 
the Normapolles region in sediments from the Upper Cretaceous Period, they are 
similarly present in the Palaeocene and Lower Eocene as well, but they can mostly 
be regarded as incidental elements. A similar facies is locally indicated perhaps by 
K R U T Z S C H ' S work (1966). A detailed taxonomical elaboration of this has not taken 
place as yet but we may expect a very interesting comparison from these data. Since 
the descriptions that may be considered as standard works, our paper is the first 
to deal with the taxonomy of pollen grains, and thus its character is mainly funda-
mental and descriptive. It must be pointed out that our knowledge concerning the 
form-species characters was limited for just that reason. It is possible that several 
diHerenciated species will later be found the same. The exact descriptions and the 
most perfect representations possible, therefore demand very great care. It is to 
be hoped that before long an opportunity will present itself for the performance of 
scanning-electronmicroscopic investigations as well; on the above basis, these are 
especially suitable for making progress in the problems of "species". The point 
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in question is that there is a facies or level within the Upper Cretaceous Period that 
can be characterized very well and those predominant formations were the ancient 
Juglandaceae trees. The presence of the form-species in some habitats is interesting. 
One form-species occurred in all three habitats, nine in two habitats, and sixteen in 
one habitat. There were six form-species in Arada. fourteen in Aveiro, and seventeen 
in Preza; thus Preza is the habitat richest in these pollen grains. Only two occurred 
conclusion in Arada, six in Aveiro and eight of them in Preza. Withaut drawing too far-
reaching from these figures, the following findings may be made: It is possible that one 
of the peculiarities of the pollen grains of the ancient Amentiflorae is a prodigious 
richness in species, this is a well-known characteristic of tropical natural history, 
or the pollen grains of the individual species are rich in forms. In possession of the 
present data, this problem can only be decided if detailed elaboration takes place both 
vertically and horizontally within the Normapolles region. As regards the habitats 
investigated, their full evaluation is possible with the whole of the pollen collections. 
In this connection we refer to the fact that this place is very interesting and rich in 
further Normapolles as well; we have already published electron microscopic data 
about a part of these. 
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Einleitung 
Während der letzten Jahre hatte ich Gelegenheit, das Vorkommen gewisser Pflan-
zenarten in der Flora der Vojvodina wahrzunehmen. Durch die Feststellung ihrer sys-
tematichen und pflanzengeografischen Zugehörigkeit kam ich zum Schluß, daß diese 
Arten von gewisser Bedeutung für unsere Flora sind. Diese Arten sind: Taenia-
therum asperum N E V S K I , Ranunculus millefoliatus VAHL. und Doronicum 
Orientale HOFFM. 
Analyse 
Taenialherum asperum N E V S K I . 
Elymus asper ( S I M K . ) R A N D . — M A Z . 
Diese Pflanze aus der Familie der Gramineae ist eine pontisch-balkanische Art, 
die nach J Á V O R K A ( 1 9 2 5 ) auf der Krim und dem Balkan vorkommt. Als eine ther-
mophile Art von kontinentaler Wesenheit kommt sie auch in der Pannonischen 
Tiefebene in deren warmen flachlandähnlichen Regionen vor. Laut derselben Quelle, 
so in KD. (Szentendre, Pomáz, Gellérthegy und Soroksár—Taksony), in A. (Tiszabő), 
Aid. (Orsova). 
Bei uns in der V o j v o d i n a wurde diese Art bis jetzt noch nirgends aufgefunden, 
worauf sich auf Grund der älteren und neueren Literatur schließen läßt. Dies kommt 
davon, daß es sich um eine sehr seltene Pflanzenart handelt, was sowohl die ange-
führten literarischen Quellen bezeugen, wie auch die Tatsache, daß wir sie während 
unserer vieljährigen Forschungen erst in der letzten Zeit und nur an einer einzigen 
Stelle aufgefunden haben. Die Pflanze wurde auf dem Banstol in der Fruska Gora, 
als Bestandteil der Vegetation einer Bergwiese mit ausgeprägten steppenartigen 
Elementen, aufgefunden. Außer ihr befanden sich auf der Wiese noch: Fesluca 
valesiaca, Andropogon ischaemum, Chrvsopogon gryllus, Adonis vernalis u.a. 
Obwohl J Á V O R K A , ein gründlicher Kenner der pannonischen Flora und deren 
Vergangenheit, die Möglichkeit nahelegt, daß diese Pflanze adventiver Herkunft 
sei und in früheren Zeiten in die pannonische Region eingesiedelt wurde, muß 
gesagt werden, daß diese Ansicht mit einer gewissen Reserve angenommen werden 
sollte, zumindest hinsichtlich des Standortes, an dem wir sie vorgefunden haben. 
Es besteht ja im Grunde genommen kein wesentlicher Unterschied zwischen dieser 
Pflanze und anderer Arten, die nicht als adventive, sondern als regelrechte relikte 
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Bestandteile der pannonischen Flora angesehen werden: Crambe tatarica, Adonis 
vernalis, Salvia nutans, Prunus tenel/a, Sternbergia colchicifloria u.s.w. Zugunsten 
einer solchen Annahme spricht auch die Tatsache, daß die Pflanze bei uns inmitten 
einer natürlichen, durch menschliche Beeinflussung unberührten, steppenartigen 
Vegetation aufgefunden wurde. Außerdem muß noch hervorgehoben werden, 
daß sie auch auf dem Balkan, somit im zentralen Areal ihres Vorkommens, keines-
wegs oft vorkommt da sie Mitglied einer reliktartigen xenothermischen Flora ist. 
(Vgl. Abb. 1,2). 
Ranunculus mille/olialus V A H L . 
Ihrem Charakter nach gehört diese Pflanze zu den submediterranischen Elemen-
ten der Flora und ist in den südlichen Gegenden Jugoslawiens ziemlich verbreitet. 
Von ihrem balkanischen Areal aus dringt sie nirgends in die Pannonische Tiefebene 
ein. In Serbien ist sie oft genug verzeichnet an mehreren Lokalitäten im Osten 
und Westen des Gebiets, in der Sumadija und am Kosovo (Flora Srbije Bd I — 1970). 
Die durch uns erfolgte Auffindung der Pflanze in der Sandlandschaft von Deliblato 
ist daher die erste und bisher einzige Feststellung ihres Vorkommens in der Pan-
nonischen Tiefebene. In dem neuesten Werk von Soó über die ungarische Flora 
und Vegetation (1966) gibt es keine Angaben über ihr Vorkommen in dieser Flora. 
Die einzige Angabe über das Vorkommen dieser Art auf dem linken Donauufer 
befindet sich in der "Flora Rumäniens" (1953) und bezieht sich auf die Region 
von Craiova bei Calafat. 
Die Stelle an der diese Pflanze vorgefunden wurde, befindet sich zwischen der 
Großen und Kleinen Tilva bei Flamunda. Die Flora der Umgebung war die typische 
halbgeschlossene Vegetation der Sandlandschaft von Deliblato, wo sich unter den 
pflanzengeografisch interessanten Arten die Paeonia tenuifolia, Prunus tenella, Slipa 
capillata, Viola ajtajana, Viola neményiana, Pulsat illa australis, Iris pumilia, Astragalus 
dasyanthus u.a. vorfanden, also Pflanzen, die heute in der Hauptsache zu den pontisch-
mediterranischen Arten gehören, pontischen und endemischen Charakters sind und 
zum größten Teil Relikte aus einer vorhergegangenen Steppen-Periode darstellen. 
Die Bedeutung der Auffindung dieser Pflanze liegt daher — abgesehen davon, 
daß sie eine außergewöhnliche floristische Neuheit betrifft — in erster Reihe in 
ihrem pflanzengeografisch-historischen Charakter. 
Doronicum Orientale H O F F M . 
Doronicum caucasicum M.B. 
Sie ist eine pontisch-balkanische Art, Einwohnerin der bewaldeten Zone. Als 
solche lebt sie in ihrer Heimat in lichten Wäldern und an den Abhängen in den 
Gebirgsgegenden des Kaukasus und auf dem Balkan ( J Á V O R K A , 1 9 2 5 ) . Derselbe 
Autor fand ihr Vorkommen an einigen Standorten in Transdanubien (Mecsek bis 
Szekszárd und Harsány-hegy), H O R V . (Bezirk Pozsega). Wir fanden sie an den süd-
lichen Abhängen der Fruska Gora, am Fuß des Crveni Cot, am Rande eines meso-
philen Waldes. Trotz des mesophilen Charakters dieses Waldes gab es in ihm ziemlich 
viele balkanische und pontische Elemente: Silene parviflora, Lychnis coronaria, 
Dianthus armeriastrum, Kitaibelia vitifolia, Ranunculus pedatus u.s.w. 
Es ist von Bedeutung, daß das Vorfinden dieser Pflanzenart teilweise zusam-
mentrifft mit jenem einer anderen osteuropäisch-balkanischen Art. dem demselben 
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A b b . 1. Taeniatherum asperum N E V S K I ( J Ä V O R K A 1 9 3 4 ) Abb. 2. Ranunculus miUe-
folialus VAHL. (Flora 
Srbije 1970) 
Genus angehörenden Doronicum hungaricum. Diese letztere dringt jedoch weiter 
in die Pannonische Tiefebene vor und hat einen weniger ausgeprägten pontischen 
Charakter. 1 m Gegensatz zu ihm ist Doronicum caucasicum stärker auf das Vorkommen 
im Süden der Pannonischen Tiefebene beschränkt, seinen thermophilen Ansprüchen 
entsprechend. 
Durch das Auffinden dieser Art wird der pontisch-mediterranische Charakterzug 
der Flora der Fruska Gora verstärkt. (Vgl. Abb. 3). 
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A b b . 3. Doronicum orientale HOFFM. (JAVORKA 1934) 
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Zusammenfassung 
Im l a u f e unserer mehrjährigen Untersuchung der Flora der Vojvodina, am 
Siidrand der Pannonischen Tiefebene, haben wir drei Pflanzen vorgefunden: Taeniat-
herum asperum N E V S K I , Ranuncu/us millefolialus VAHL. , und Doronicum 
Orientale H O F F M . Alle drei Pflanzen sind in dieser Region neu und von gewisser 
systematischen und pflanzengeografischen Bedeutung. Taeniatherum asperum ist 
am Banstol, in dem östlichen Gebiet der Fruska Gora. ein Mitglied der natürlichen, 
von menschlicher Beeinflussung unberührten, Steppen-Vegetation und gehört daher 
zur relikten xerothermischen Flora. Ranunculus millefolialus wurde in der Sandland-
schaft von Deliblato zwischen der Großen und Kleinen Tilva bei Flamunde ver-
merkt. Die Vegetation der Umgebung, in welcher die Pflanze gefunden wurde, war 
eine typische Vegetation vom halbgeschlossenen Typ, mit Arten von pontisch-
mediterranischen, pontischen und endemischen Charakter, deren größter Teil 
offensichtlich reliktartigen Charakters ist und aus einer vorangegangenen, wärmeren 
Steppenperiode stammt. 
Doronicum Orientale wies durch ihr Auffinden in der Fruska Gora, auf den 
höchsten Gipfeln des Gebirges, am Fuße des Crveni Cot (539 m). in einer Vegetation 
am Rande des mesophilen Eichen-Buchen-Waldes, von neuem darauf hin, daß es 
zur Gruppe der Gebirgspflanzen aus dem bewaldeten Bereich gehört, allenfalls aus 
den gelichteten Waldzonen. Es gab dort genug an Pflanzen vom balkanischen und 
pontischen Charakter. Durch das Auffinden dieser Art in der Fruska Gora wird 
der pontisch-mediterrane Charakterzug der Flora verstärkt. 
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Abstract 
The free proline is not accumulated in an extremely high degree, as a result of a s t rong water 
deficiency, in the leaves of every plant species. F r o m a m o n g 80 m o n o - and dicotyledonous herbaceous 
plant species belonging to fifteen families fifteen species of plants are storing proline but in a compara -
tively lower degree in case of water deficiency. 
We have established which is — at time of a comparat ively equal but s t rong water deficiency — 
the proline-concentrat ion level in case of a t ta inment of which we may speak of a " p l a n t species of 
proline-accumulating type" . This proline quant i ty is lOmg/g dry matter . On the basis of that, the 
majori ty of the 80 plant species investigated, belonging mainly to the cultivated plants, may be 
regarded as prol ine-accumulat ing ones. 
Studying the part of the free proline accumulated dur ing water deficency, in the course of the 
developing or ceasing drought , it is not the same whether we are examinig a plant of prol ine-accu-
mulating type, o r not . because the ways of the Tree aminr-acia metabolism and enzyme systems of 
the non-prol ine-accumulat ing species differ f r o m those of the proline-accumulating plants p robab ly 
considerably. 
We have established that in the course of the development of a s t rong water deficiency in the 
"p ro l ine - type" lentil shoots, the growth-substances applied ( IAA. FAP , G A , ) exerted their influence 
on the water content of shoots and increased their free total amino-acid and proline conten t consider-
ably. 
The greatest effect was achieved by the 10 mg/1 solution of IAA that increased the f ree total 
amino-acid conten t of lentil shoots 200 p.c., and their proline content 58 p.c., as compared with the 
water-treated cont ro l . 
It can be concluded f rom the results of o u r investigations concerning the water balance tha t the 
lAA-trea tment may be advantageous in regard of the drought-resistance of lentil shoots. This t reat-
ment provided, namely, the largest bound water content , as well. 
In the course of o u r experiments, a f t e r IAA. the 20 mg/l FAP- t rea tment resulted in the largest 
increase in proline concent ra t ion ; the 50 mg-l GA3- t reatment , however, increased prol ine-accumu-
lation but in a lesser degree, and it had n o considerable effect on the water balance, e i ther . 
In the course of our experiments, af ter IAA, the 20 mg-l FAP-t rea tment resulted in the largest 
increase in proline concent ra t ion : the 50 mg/1 G A - t reatment , however, increased prol ine-accumu-
lation but in a lesser degree, and it had no considerable effect on the water balance, either. 
We have demonst ra ted the physical, chemical , and physiological factors on the basis of which — 
at the proline-accumulating types — the high proline level is advantageous in regard of tolerat ing 
water deficiency. 
Introduction 
We established in the course of our investigations lasting for several years on 
the subject of plants grown in the field and in culture-vessels (PAI.FI, 1968a, 1969, 
1971; P A L F I et al., 1973, 1974) that in the majority of mezophytes (herbaceous), 
in case of strong water deficiency, the total amino-acid and first of all proline content 
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of leaves significantly increased. A similar conclusion was drawn by B A R N E T T and 
N A Y L O R ( 1 9 6 6 ) , B O K A R E V a n d I V A N O V A ( 1 9 7 1 ) , L E W I T T ( 1 9 7 2 ) , V A L L E E ( 1 9 7 3 ) , a n d 
P E R D R I Z E T ( 1 9 7 4 ) . 
According to the investigations of Stewart et al. (1966), that is a common 
phenomenon in the circles of the various plant families. K U D R E V (1970), however, 
is taking the view that the level of proline accumulation is quite different according 
to plant species. In his opinion, if e.g. in bean proline achieves a medium level, a 
fur ther synthesis comes to a stop, because of the end-product inhibition of enzymes. 
Some have striven to clear up the path ways of proline production by applying 
inhibitors of growth, glycolysis, and respiration, respectively. 
B R I T I K O V and L I N S K E N S ( 1 9 7 0 ) applied inhibitors of glycolysis ( N a F and Na-
azide) but they performed their experiments mainly on spinach, resp. maize and 
these plants, as we ascertained ( P A L F I , 1 9 7 1 ; P A L F I et al., 1 9 7 3 ) , don ' t store up a 
very large quanti ty of proline in the time of the greatest water deficiency, either. 
According to S T E W A R T et al. ( 1 9 6 6 ) , arsenate, iodine-acetate, and iodine-acet-
amide probably inhibit glycolysis, resp. the format ion of alpha-ketoglutarate. 
Therefore, there cannot be produced any glutamic acid, the starting compound of 
proline synthesis. 
In our earlier investigations (PALFI, 1968b), kinetine and 2.4—D did not prevent 
water-deficient plants f rom accumulating proline resp. a large amount of free amino 
acid, and proline synthesis was not brought to an end by maleic hydrazide and 
chloramphenicol, either. Only 2.4-dinitrophenol was effective in this respect — by 
uncoupling the oxidative phosphorilation. And as proline synthesis demands A T P . 
its accumulation did not take place. 
In our present experiment we have first of all endeavoured to clarify if every 
species of herbaceous mesophytes is storing proline in an extremely large measure 
in its leaves, in case of strong water deficiency achieving 2—4 per cent of dry matter. 
We are investigating, as well, which is the proline concentrat ion af ter achieving 
or exceeding of which we may speak of an extraordinary proline accumula t ion; 
fur ther on, if a high-level proline accumulation is advantageous to plants in regard 
of tolerating water deficiency. 
Finally, we have studied whether some growth-regulating substances: indole-3-
-acetic acid, furfurylaminopurine, gibberellic acid increase or decrease the total 
amino-acid or proline synthesis and accumulation during water deficiency. We 
are appreciating, too, the influence of growth-substances on water balance, on the 
quanti ty of dry matter and soluble total protein. 
The effect of growth-stimulating substances on the water balance of plants was 
investigated recently ( T R U N O V A , 1 9 6 8 ; M I Z R A H I et al., 1 9 7 0 ; D E R B Y S H I R E , 1 9 7 1 ; 
I T A I a n d V A A D I A , 1 9 7 1 ; T U C K E R a n d M A N S F I E L D , 1 9 7 1 : L O E S C H E R a n d N E V I N S , 1 9 7 3 ) . 
B A D A N O V A and L E V I N A (1970) established in barley that drought-resistance 
was increased somewhat by CCC, and decreased by G A 3 . 
Z A D A N T S E V and P I K U S (1973) found so that in case of wheat C C C was promoting 
to tolerate water deficiency and high temperature. The changes in free amino acids 
were, however, outside the scope of their investigations. 
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Materials and Methods 
For clearing up the type of amino-acid metabolism during drought respectively for classifying 
the plants, we have mostly collected the shoots or leaves of plants grown in field. The shoots of 
entil (Lens culinaris) were grown in culture-vessels by soil culture. 
The solutions of indolacetic acid (IAA), kinetinc ( furfur i laminopurin—FAP),and gibberellic 
acid (GA3) were prepared from the chemicals of the firm E. Merck, Darmstadt . 
For analysing amino acids, we have started from 200 mg leaves dried up till getting steady 
weight at 60° C and pulverized. The qualitative analysis of amino acids was carried out in a part 
of experiments by means of ascending paper chromatography. We have worked by developing 
with retarded cooling, the solvent being butanol-acetic acid-water (3:1:1) , and a tproline detections 
phenol-water (4:1). 
We had already published the method of measuring free proline and total amino acid by elu-
a t i o n (PALFI. 1968a. 1971). 
At measuring total amino acid, we have eluted with methanol, and at proline determinations 
we have done that with water-saturated phenol. At total amino-acid determinations, the calibration 
curve was constructed from the measurements of series of different concentration of the so-called 
"universal standard mixture" composed by us from sixteen amino acids. The composition of stan-
dard. in qualitative as well as quantitative respects, was similar to the pattern of plant extracts. 
The soluble total protein was determined according to LOWRY et al. (1951), and iris-buffer 
was used for preparing extracts (pH 7.5). 
At the automatic amino-acid analyser " B I O C A L BC 200" buffers of 3.25, 4.25, and 5.28 
pH-value were applied. 
The mean error in the average results of the quantitative analyses carried out in 3 to ,5 repe-
titions. that is their standard deviation was less than ± 5 to 7 per cent. 
Experimental results 
I) " P r o l i n e " a n d " n o n - p r o l i n e " t y p e s o f t h e a m i n o - a c i d a c c u m u -
l a t i o n in t h e c o u r s e of w a t e r l o s s . 
1 n the course of our experiments we have taken into consideration ourearlier estab-
lishment ( P A L F I , 1 9 7 3 , P A L F I et al. 1 9 7 4 ) that in the time of the so-called "live-wilting", 
i.e., the gradual water loss of the detached shoots and leaves during being lighted, 
there are taking place the same biochemical processes as in case of intact plants. 
The difference is mainly that for the formation of a strong water deficiency in the 
native plants grown in the field a four to six weeks long time without precipitation 
resp. irrigation being necessary. The same high-level water deficiency in detached 
leaves is attainable already in two to five days. During that time, the total amino-
acid content and proline-level are increasing to the highest degree, the same as in 
the leaves of native plants. 
With the method, elaborated by us, of "live-wilting" the leaves and shoots 
detached, we have investigated the free amino-acid, resp. proline concentration of 
80 plant species of 15 families, in case of an optimum water supply and in that of 
a developing, strong water deficiency. 
"Live-wilting" took place for four to five days, under permanent lighting 
(5000 Lux), while we achieved a 40 to 45 per cent water deficiency in the (green) 
plant parts detached (in the percentage of the fresh matter in the varieties irrigated). 
From the results obtained, we are giving some data in Table 1. 
It turns out from the data of Table I that, at any mono- and dicotyledons, the 
total amino-acid resp. proline content is significantly increased. While anyway the 
quantity of total amino acid in all the species has increased to be three-six-times as 
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Table I. Free proline and lotal amino-acid content of deiached leaves and shoots of mono- and 
dicotyledonous soft-stalk plants, as a result of a water loss for 4 to 5 daysat 25 C. besides 
60 per cent relative vapour content and illuminated permanently with 5000 Lux, in the 
prebloom period of development. The proline content of the leaves of plants grown under 
opt imum water conditions was below 0.4 mg/g dry matter, and their total amino-acid 
content below 20.0 mg. The species were arranged in families and separated with line. 
(The average deviation of the analyses carried out in three repetitions was below ± 7 per 
cent.) 
Total Tota l 
Proline amino Proline amino 
Plants acid Plants 
acid 
mg/g dry mg/g dry 
matter matter 
Sinapis alba 24.8 65.4 Helianlhus annuus 21.4 47.3 
Raphanus salivus 26.4 63.2 Artemisia vulgaris 23.7 52.8 
Brassica napus 25.9 57.5 Matricaria chamomilla 22.1 56.8 
Brassica oteracea 43.7 110.2 Lactuca sativa 3.0 49.6 
Solanum tuberosum 29.6 82.5 Taraxacum offici. 4.2 45.7 
Capsicum annuum 35.2 53.7 Pisum sativum 33.1 106.3 
Nico liana tabacum 28.5 75.3 Lens culinaris 22.1 70.4 
Sol. lycopersicum 22.3 63.2 Medicago saliva 20.3 104.6 
Hyoscyamus niger 26.5 68.4 Trifolium repens 21.4 89.6 
Sol. laciniatum 32.6 72.1 Pliaseolus vulg. 8.6 53.4 
Triticum aestivum 25.4 82.4 Chenopodium album 4.7 70.1 
Hordeum vulgare 18.6 59.9 Spinacia oteracea 4.2 72.5 
Seeale cereale 17.9 64.5 Beta vulgaris 3.8 67.5 
Avena sativa 21.3 54.6 Rumex scutatus 3.3 54.7 
Sorghum vulgare 20.4 58.2 A net hu m graveol. 18.2 56.6 
Cynodon daetylon 25.7 60.1 Rubus caesius 21.8 54.0 
Festuca pratensis 22.8 63.7 Allium cepa 4.2 47.6 
Bromus arvensis 26.4 52.8 Allium sativum 3.6 52.9 
Poa pratensis 23.6 54.5 Cucurbita pepo 3.4 53.2 
Lollum perenne 31.4 63.6 Cucimis salivus 3.0 44.5 
Lolium arislatum 28.5 71.0 Cucumis melo 2.9 47.6 
Zea mavs 5.1 53.6 Colocynlliis citrullus 3.5 56.2 
Vitis vimfera 7.9 45.6 Papa ver somniferum 4.0 41.7 
the (non-water-deficient) control, the proline concentration has given quite striking 
differences in the various species. The increase in proline content is, therefore, 
changing from sixfold (Cucumis melo) till 135-fold one (Capsicum annuum). It 
follows from the data that it is to be decided, which level is to be regarded as an 
extraordinary increase in proline, respectively as a proline-type amino-acid meta-
bolism in the course of water deficiency. 
On the basis of our several experimental data, we consider as a proline-accu-
mulating type during water-deficiency the herbaceous mesophytous plant species 
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the young hut full-developed green leaves of which native plant, or the shoots 
detached and leaves isolated of which, in the course of their "live-wilting", resp. 
during losing gradually 40 to 50 per cent of their water content at being illuminated, 
accumulate at least 10 mg free proline, as related to 1 g dry matter. (The determination 
is to be performed in the phase of budding, resp. blooming, at a temperature and 
vapour content that correspond to the water loss becoming gradually jsronger, 
resp. to the „live wilting" in case of any plant species.) 
It turns out from Table I, as well, that not every plant species may be regarded 
as a proline-accumulating type, in case of water-stress, as we have obtained in 15 
plant species of the Table a proline quantity that is considerably below 10 nig. 
We have, therefore, to abstain from the fact of a general, extraordinary proline 
accumulation as a result of a strong water deficiency in plants. 
It is anyhow to be noted that in the Table 34 plant species of proline-accumula-
ting type are not published from among the species investigated so far. Taking all 
this into consideration, we may establish that, on the basis of our investigations, 
the majority of plant species belong to the proline accumulating type. 
In the course of our experiments, we laid the main stress upon screening the 
proline-accumulating species surely. That is not an easy task because if we hadn't 
achieved a 10-mg level at some species in case of a strong water deficiency, either, 
then we often had to repeat the experiment, under the conditions of a water loss of 
quite different degree and rate. In the course of our careful investigations carried 
on for several years, we fell nevertheless into error not only on one occasion. At 
any rate, in Table 1, we are publishing the highest values of proline content from 
among those of non-proline-type species measure during the repeated investigations. 
From our results obtained, we may already draw the conclusion that before 
beginning to investigate the free amino-acid spectrums and protein synthesis deve-
loping as a result of"water deficiency, we have to establish the type of accumulation 
at every species. The experiments may only be continued after taking into considera-
tion these data because the reaction ways and regulative mechanisms of the proline 
accumulation of extraordinary size are differing from those in plants of non-proline 
type. That was established by T Y A N K O V A (1969), as well. 
In the course of our experiments, we established undoubtedly and several times 
that lentil (and 70 to 80 per cent of the species investigated of the Leguminosae 
family) belong surely to a type accumulating proline in case of a strong water defi-
ciency. This is the reason of choosing lentil for the aim of our present research work. 
2) T h e e f f e c t o f g r o w t h - s u b s t a n c e s u p o n a c c u m u l a t i n g f r e e a m i n o 
a c i d s in t h e c o u r s e of w a t e r l o s s 
From the isolated lentil shoots we weighed out equal quantities and, after 
eluting them carefully, we evaporated the water adhering to the surface. Then we 
had the water, resp. growth-substances weighed in an exact quantity into the beakers, 
absorbed through the stalk and at being illuminated, for 24 hours (Fig. I). In the 
meantime, in order to avoid infections, we weighed and changed the fluids of tumblers 
in six hours. At being placed into the solution in beakers, the shoots and leaves were 
somewhat wilted. The full turgor, resp. normal water supply was regained by any 
sample already in two to three hours after being steeped in the fluids. 
After treating them for a day, the weight of lentil shoots was established in a 
water-saturated state. Then followed the "live-wilting" for 48 hours, by illuminating 
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Fig. I. Treatment of 4-week detached lentil shoots (Lens culinaris L.), grown in culture, with the 
solutions of growth-regulating substances, for 24 hours, illuminated with 5000 Lux. 
Varieties: " A B " = tap water; " C ' = IAA 10 mg/l; " D " = FA P. 2 0 m g / l ; " E " = G A 3 . 5 0 mg I. 
the samples (5000 Lux) and engendering a gradual water loss, during which the 
60 to 70 per cent relative vapour content of air was provided by means of a foil-cover. 
After "live-wilting" for two days, we have weighed the samples (withering 
weight), then we took samples for determining the soluble total protein. Then, 
fixing the single varieties, we weighed their dry matter, as well. The data are given 
in Table 2. 
It turned out from Table 2 that the lentil shoot of 100.0 g fresh weight absorbed 
a considerable fluid quantity during the 24 hours. Most water was absorbed by the 
sample placed into the FAP solution, and least of that by the sample treatment 
by G A 3 . But in the water quantities absorbed there wasn't found any considerable 
difference. The water quantity stored in the plant is proving that a water saturation 
was produced and the fixation of water of different quantities was made possible 
Table 2. The fresh weight of the lentil shoots pre-raised under identical conditions and detached 
(100.0 g), the amount of water absorbed during 24 hours and the weight and dry matter 
af ter being wilted in light during the following 48 hours, as a result of water. IAA. FAP. 
and GA 3 . The starting amount of solutions is 150.0 ml. The average deviation is below 
± 5 per cent. 
Treatments of lentil shoots 
(The total weight of one sample 






Shoots fixed immediately af ter 
detachment (fresh, control) 
Shoots fixed af ter a water treatment for 
24 ours following detachment (control) 
Held in water for 24 hours and 
"live-wilted" for two days 
Held in the solution of IAA 10 mg/l 
for 24 hours and „live-wilted fo r t w o " 
days 
Held in the solution of F A P 20 mg./l 
for 24 hours and "live-wilted" for two 
days 
Held in the solution of G A 3 50 mg/l for 




100 g shoot 
a f te r treat-
ment g 
Weight of 
shoots a f re r 
the live-wil-
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by the growth-substances applied. The water content of lentil shoots was most 
increasing as a result of being treated by the IAA solution (16.0). The bending of 
shoots (Fig. I) is, therefore, not a consequence of water deficiency, resp. of wilting. 
It was also established that the bend of lentil shoots intensifies owing to the con-
centration of IAA solutions from 10 to 50 mg/l. 
Fig. 2. Post-treatment wilting of lentil shoots detached, for 48 hours, under 5000 Lux illumination, 
below foil cover. 
Varieties are the same as in Fig. I .except for the watered control that was already fixed. 
The water content of shoots was increased by being treated with FAP and GA 3 
solutions, as well, as related to the control shoots treated with tap water. 
It can be established from Table 2, as well, that the absorption treatment with 
IAA solution promoted not only the absorption of the largest water quantity but, 
after "live-wilting" for two days, the strongly fixed water content, too, remained 
the largest in case of this variety (37.1), although the difference between varieties 
is not considerable. In the dry matter of shoots we have not obtained any important 
differences, either, but in case of the growth-substances the final dry-weight is gene-
rally smaller than that of controls, that is to say, than that of the freshly fixed one 
and the variety administered with water for 24 hours. 
From amonj, the results of the qualitative amino-acid analysis, we are demon-
strating an ascending one-dimension paper chromatogram (Fig. 3). 
Taking into consideration that in the chromatogram seen in Fig. 3 we let run a 
standard mixture of the amino acid of known composition and concentration 
(stripe A), as well, we can draw approximative quantitative conclusions, too. We can 
establish that the total amino-acid content, as a result of "live-wilting" for two days, 
in all the four varieties, has increased to at least a double one (stripe CDEF) , as 
compared with the control (stripe B). Most total amino acid, resp. proline, accumu-
lated during being treated by lAA-solution (stripe F). 
From Fig. 3 it can be established, too, that — compared with the samples 
fixed immediately after being cut (stripe B, fixed freshly) — about 15 to 20 per cent 
amino-acid increase was realized during the water imbibation lasting for 24 hours 
(stripe G). 
In the course of this water imbibation of the lentil shoots detached, taking 
place in a bunch for 24 hours, particularly the quantity of leucine, phenylalanine, 
valine and methionine, pipecolic acid, asparagine and cysteine increased. 
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Fig. 3. Change in ihe free amino-acid composition in the lentil shoots detached, as a result of a 
24-hour treatment and a "live-wilted" in light, for 48 hours. Control : shoots fixed immedi-
ately af ter being detached and the variety held in water. Ninhydrinic colour reaction, fixed 
with copper nitrate.1 
" A " Comparing standard, its total amino-acid content being 60 " B " = fixed immedi-
ately af ter being detached (fresh control); " C " = heldin water and "live-wilted" for two 
days (with gradual water loss); " D " = treated by FAP-solution and "live-wilted" for two 
days; " E " = treated by GA3—solution and "live wilted" for two days; " F " = treated by 
lAA-solution and "live-wilted" for two days; " G " = fixed af ter being steeped in water for 
24 hours (control). 
It was determined the quantity of the free total amino acid and proline, as well 
as that of the soluble total protein, too. Results are published in Table 3. 
From Table 3 it is to be established that in the course of the water-losing "live-
wilting" lasting for two days the proline content accumulated to the highest degree 
as compared with the control supplied with water to the optimum degree. The highest 
proline level was however induced, as established at Fig. 3, as well, by the adminis-
tration with lAA-solution. It is proved by the data, too, that the lentil plant belongs, 
in case of drought, really to the proline-accumulating type as the free proline content 
of all the four kinds of the "live-wilting" varieties (with water deficiency) has exceeded 
the 10 mg/g dry-matter level. It is to be noted, as well, that in case of lentils preculti-
vated under optimum conditions in the field, in the course of losing water at "live-
wilting", a much higher proline content can be achieved than the quantities included 
in Table 3. 
In regard of the total free amino acid, as well, the highest value was given by 
the treatment by lAA-solution, as it has increased to 300 per cent of the fresh control. 
Apart from that, the total amino-acid content of every water-losing variety surpasses 
the double amount of the control considerably. The proline, resp. total amino-acid 
content was increased, to a greater or lesser degree, not only by being treated by 
lAA-but also by FAP and GA3-solutions, as compared with the water-treated 
control that was wilted for two days. 
mm 
m i g l 
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Table 3. Free proline, total amino-acid and soluble total protein content of the lentil shoots pre-
cultivated under identical conditions and detached (100.0 g fresh matter), as a result of 
stepping treatment in an agent for 24 hours and water-losing "live-wilted" at light for 48 
hours. (The average deviation is below ± 7 per cent. The control is a water-treated variety.) 
Treatment of the lentil shoots 
detached: 100.0 g fresh matter 
Free 
proline 





mg/g dry matter 
Shoots fixed immediately af ter 
detachment fresh, control 0.32 14.9 18.8 
Fixed af ter water treatment fo r 
2<» hours following detachment 
(control) 0.31 17.3 18.5 
Held in water for 24 hours and 
"live-wilted" for two days 11.6 34.8 18.4 
Held in the solution of IAA 
10 mg/l for 24 hours and "live-
wil ted" for two days 18.4 49.6 18.0 
Held in the solution of F A P 
20 mg/l for 24 hours and "live-
wilted" for two days 15.9 40.9 18.4 
Held in the solution of G A 3 
50 mg/l f o r 24 hours and "live-
wil ted" for two days 15.3 44.1 18.6 
Although the highest value in regard of the soluble total protein content was 
given by the sample fixed immediately after being cut, there is no significant differ-
ence between the single samples as the differences fall under the error limit of average 
results. 
We have checked our data of amino-acid analysis by means of an automatic 
amino-acid analyser of type "BIOCAL BC 200", as well. Four curves of the results 
are shown in Fig. 4. 
In the course of this analysis, too, the free proline content of the sample treated 
by lAA-solution increased to the highest degree as compared with the contro-
that was held in water. We established, too, that the proline content of lentil shoots 
was increased by the FAP- and GA3-solution treatment, as well, and that in the 
figure f rom among all the amino acids the quantitative changes in proline are the 
most significant. 
3) T h e s i g n i f i c a n c e o f t h e h igh p r o l i n e a c c u m u l a t i o n t a k i n g p l a c e -
in t h e c o u r s e of l o s i n g w a t e r in r e g a r d of t o l e r a t i n g w a t e r d e f i c i e n c y 
Further on, we have wanted to establish the advantages of a higher proline 
accumulation in tolerating water deficiency in case of the single plant species. 
At the proline-type plants we have established that a high proline concentration 
is advantageous and we are supporting that as follows: 
I) The hygroscopic nature of proline and its water-fixing capacity is the highest 
among all the protein-forming amino acids. Its water-solubility is standing in the 
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Fig. 4. Free amino-acid conienl of water-deficienl lentil shoots, "live-wilted" for 48 hours a f te r 
being treated, measured with an automatic amino-acid analyser of " B I O C A L BC 200"-type. 
Curves downwards: Water-. IAA-, FAP-. and GA3-treated samples. (Average deviation 
being below ± 5 percent . ) 
first place, too: at syntheses and transaminations, the most frequently involved 
glutamic acid is soluble 192-times, and aspartic acid 300-times more poorly in water 
than proline does. It may therefore be in the tissues of plants in a dissolved, active 
state, even in the more and more decreasing water (physical advantage). 
2) During hydrolysis the free amino acids with 6 n HCI, for 24 hours, at 110° C, 
under pressure — in the presence of K N 0 3 as oxidizer — every protein-forming 
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amino acid was decomposed, except for proline. The proline-stability is extremely 
high (chemical advantage). 
3) Proline, during its being formed from glutamic acid, is storing reducing 
energy coming from photosynthesis and that gets released after the water deficiency 
being ceased and proline reverting to glutamic acid again. Owing to this redox pro-
perty, proline has a respiration-influencing role, as well. 
4) The high concentration of free proline in the tissue — as compared with the 
other amino acids — is favourable to growth because it is less toxic, as we have 
proved that with germinating experiments carried out under sterile conditions and 
with an oat coleoptil test (physiological advantages). 
On the basis of our results we can establish that a high-degree proline accumu-
lation is favourable to plants in the period of tolerating drought. Therefore, in case 
of proline-type species, we can predict the beginning of water deficiency by demons-
trating the proline quantity accumulated during the drought ( P A L F I and J U H A S Z , 
1 9 7 1 ) . The method can be applied to selecting the drought-resistent plant species, 
as well ( P A L F I et al., 1 9 7 3 , S I N G H et al., 1 9 7 2 ) . That is confirmed by the experimental 
results of Waldren and Teare ( 1 9 7 4 ) , too. 
Evaluation of results 
We have cleared in the first part of our experiments if each of the herbaceous 
mesophytous plant species, mono- and dicotyledons, accumulates proline to a great 
extent in case of water deficiency. On the basis of the extent of proline accumulation, 
the plants were classified into two types. If the proline concentration that is deve-
loping in the leaves of the plant in light gradually in case of a strong water deficiency 
reaches or surpasses the 10 mg/g dry matter quantity, the species is, in our opinion, 
a proline-accumulating one and the emerging picture of amino acid is of "proline 
type". 
From among the 80 species investigated, only 15 did not prove to be proline 
accumulating-ones. The amino-acid picture of the majority of plants investigated is, 
therefore, of "proline type". The proline content of bean shoots often approximated 
the 10 mg/g quantity in case of water deficiency but it did not surpass it. We consider 
it, therefore, as an intermediate type. 
It was established also by K U D R E V ( 1 9 7 0 ) that, in case of bean, the proline 
accumulated exerts an effect on the enzymes taking part in the synthesis by means 
of end-product inhibition. Its storing comes therefore to a stop at a certain level of 
concentration. 
We cannot consider as final, therefore, the establishment of S T E W A R T et al. 
( 1 9 6 6 ) that a considerable accumulation of proline in case of water deficiency is a 
common phenomenon at plants. It is true that the authors drew that inference on 
the basis of their results obtained only at eight plant species investigated. S T E W A R T 
( 1 9 7 1 , 1 9 7 2 ) examined also the biochemical ways of transformation of the proline 
of exogenous origin in bean plants, in the dark. According to us, the behaviour of 
bean is not characteristic of proline-type plants in this regard, either. 
In case of lentils, on the other hand, we may regard as advantageous to hold 
amino acid, resp. proline in store as this species belongs to the proline-accumulating 
type. 
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On the basis of water balance, we may consider as proved that the treatment 
with 1AA, respectively the increased amino-acid content, as well, can be regarded 
as advantageous for tolerating drought. If we investigate, namely, the data obtained 
in case of lentils concerning water balance, then it turns out that the difference at 
the various treatments is not considerable as regards water uptake and water loss 
but the water content bound in the shoots has grown the most as a result of IAA-
treatment. That variety contained most water after withering two days long, as well. 
It follows from that the bend experienced at lentil shoots is not a consequence of 
the decrease in turgor but it is epinasty. 
The cold-resistance of plants was investigated by T R U N O V A ( 1 9 6 8 ) . According 
to her, as well, the water flow out of the cells is reduced by lAA-treatment and with 
that the water content of cells is increased. In respect of cold-resistance, this pheno-
menon is anyway not advantageous because if water remains inside the cell and 
freezes there then the plant perishes. 
lAA-experiments were carried out by K U D R E V and T Y A N K O V A ( 1 9 6 6 ) , as well. 
They were, however, examining if after the water deficiency that the plants had surviv-
ed, the quick rehydration and the normalization of the amino-acid metabolism 
were advanced by IAA. 
K U D R E V and T Y A N K O V A experimented with full-grown wheat of proline-
accumulating type and they applied 100mg/l 1 AA-conccntration. In their opinion, 
IAA undeniably promoted the restoration of water balance and a quick decrease 
in the high concentration of free amino-acid and proline, respectively. 
Bin and S T A N L E Y ( 1 9 7 2 ) examined the effect of lAA-solution on the water 
balance in the stalk-segments of peas. According to them, the water flow was accele-
rated by the 10—30pMol concentration of IAA in both directions, that is to say, 
in the tissues both inwards and outwards (and even inside of the tissues, as well). 
In the authors opinion, the lAA-solution exerts its effect on the permeability of 
membrane systems. 
L I V N E and G R A Z I A N I ( 1 9 7 2 ) established concerning kinetine ( F A P ) that it 
filled an important part in regulating the water-permeability of leaf-tissues. In the 
course of our experiments, the treatment with FAP-solution gave the second largest 
increase in proline concentration, after IAA, as compared with the control. 
B A D A N O V A and L E V I N A ( 1 9 7 0 ) established that after spraying barley plants 
with 0.01 per cent GA3-solution the thermo- and drought-tolerance of plants de-
creased. In our experiments proline-accumulation was promoted by GA 3 but in 
a lesser degree. 
At any rate, f rom our results the conclusion may be drawn that f rom among 
all the hormones the lAA-treatment was the most effective for raising both the 
level of the total amino-acid and proline increase, and that of the water balance 
of shoots. It is probable that this effect of the hormones is indirect and its mechanism 
is complicated that demands further studies. 
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Abstract 
A study was made of the effect of tempera ture on the K-ion uptakes of rice a n d spring wheat 
seedlings. The uptake studies were carried out in 10" 5 M K ( « R b ) C l solution in the presence and 
absence of Ca- ion and a t different root lengths (ages). The experimental data indicated the fol lowing: 
the lower the tempera ture of the absorp t ion solution, the higher the K- ion u p t a k e anomaly of 
excised rice roo t s ; no depar ture f rom the regular K-ion up take was revealed by using wheat seedlings 
(roots) a t different tempera tures ; the ion up take anomaly may be strongly decreased by add ing 
Ca-ion to the absorp t ion solu t ion; the Viets effect was observed fo r rice roots only above 15 °C, 
but fo r wheat already above 10 °C. Investigations with different rice roo t lengths (ages) show that 
the shor ter (younger) the roots, the higher the K-ion up take anomaly . 
Introduction 
Some investigations were made earlier to study the ion uptakes of thermo-
philic plants (ZSOLDOS, 1968; ZSOLDOS, 1972a). It was established that for certain 
thermophilic plants a chilling temperature may result in an anomalous K-ion 
uptake and efflux (ZSOLDOS, 1974). N o departure f rom the regular ion uptake was 
revealed by using H 2 P O - 4 , I " , N O - 3 and N H + 4 ions (ZSOLDOS, 1972b). 
Our earlier data suggested that cold-treatment of cold-sensitive plants, by chang-
ing the permeability of cell membranes, stimulated passive K-ion uptake. The 
anomalous ion uptake could be completely prevented by adding Ca-ion to the uptake 
solution. At the same time, at higher temperature Ca-ion is well known to stimulate 
certain ion uptakes (VIETS, 1 9 4 4 ; MARSCHNER, 1 9 7 1 ; WALLACE, 1 9 7 1 ; ZSOLDOS, 
1 9 7 4 ) . No, or only very small changes could be observed in the anomalous K-ion 
uptake if uncouplers of oxidative phosphorvlation (e.g. 2.4-DNP) were employed 
( Z S O L D O S e t a l . , 1 9 6 8 ) . 
From our earlier data it seems that the mechanism of the initial K-ion uptake 
anomaly, at least for thermophilic plants, is rather complicated and somewhat 
different f rom that of other plants (ZSOLDOS and KARVALY, 1975). For this reason, 
further studies have been carried out in connection with the low-temperature effect. 
In this paper attention is paid to the investigation of the effects of low and high 
temperatures on the K-ion uptake. In the course of these investigations special 
attention was given to the temperature-dependence of the Viets effect. These studies 
were also extended to a comparison of K-ion uptakes in rice plant at different root 
lengths and temperatures. 
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Materials and Methods 
Rice ( O r y z a saliva var. japonica cullivar Dunghan Shali) a n d spring wheat {Trilicum aeslivum 
cultivar Tobar i 66) seedlings were grown in 5 x 10" ' M C a S o , solution under well-controlled con-
ditions as described earlier (ZSOLDOS, 1972). 6—7 cm long roots of 7-day-old plants were excised 
and washed in distilled water for 10 minutes at room temperature . Abou t 3 g of the root material 
was placed in 500 ml aerated, isotopically-labelled uptake solutions kept at different temperatures bet-
ween 0 a n d 30 JC, for given periods of time. 
The temperature of the absorpt ion solution was constant within 1 °C during the incubat ion 
process. The pH of the uptake solution was adjusted to 6.4—6.5. N o noticeable change in pH occur-
red during the experiments. The uptake studies were carried out in 10" ' M K(" 'Rb)CI solut ion. 
For technical reasons, '"'•Rb was chosen as label for potassium. Before the systematic investigations, 
comparat ive studies were performed on the differences in behaviour of K-ion and Rb-ion dur ing 
u p t a k e ( Z S O L D O S a n d K A R V A L Y . 1 9 7 5 ) . 
The root samples were removed f rom the uptake solution at different intervals and rinsed 
three times in distilled water for one minute at room temperature . The roots were then dried as 
described earlier and the activités of the samples were measured by scintillation coun te r (ZSOLDOS, 
1972). Results a re given in u M / g dry weight. 
In the investigations of the K-ion uptakes of rice roots with different lengths (ages), intact 
roots with lengths of 4. 6 and 8 cm were used. To obtain roots suitable for our experimental pur-
poses. rice was sown every one and a half days. 
All experiments were repeated at least there times. Although the absolute values were not 
exactly the same for individual samples, the trends were identical, showing the effects to be due t o 
sample. treatment and not to sample differences. 
Results and Discussion 
1. I n v e s t i g a t i o n w i t h r i c e r o o t s 
Fig. 1 shows the rate of K-ion uptake of excised rice roots at different tempera-
tures and in the presence or absence of Ca-ion. It can be seen from the results that , 
as described in detail earlier, anomalous K-ion uptake is observable at lower tempera-
ture. This effect, however, could be strongly decreased by adding Ca-ion to the uptake 
solution ( Z S O L D O S , 1 9 7 2 ) . At higher temperature, as can be seen from Fig. I , the 
presence of Ca-ion in the absorption solution enhanced the uptake of K-ion, bringing 
about the well-known Viets effect. 
These experimental results indicated that in the Viets effect there is a lower 
critical temperature, below which the Ca-ion inhibits the K-ion uptake. Our results 
showed that in rice seedlings the lower critical temperature of the Viets effect was 
ca. 14 °C. Below the critical temperature value, physiological or physical changes 
take place in the cell membrane, with resulting temperature injury. 
In this connection we refer to the review by L Y O N S (1973), dealing in detail 
with the physiological manifestation of chilling injury. The investigations, carried 
out especially with the membranes of mitochondria, clearly showed that the mem-
branes did undergo a physical-phase transition from a flexible liquid-crystalline to 
a solid-gel structure at 10 °C to 12 °C (LEVITT, 1972). It seems that these results 
are precisely correlated with the temperature below which injury occurred in the 
rice plant too. 
2. I n v e s t i g a t i o n w i t h w h e a t r o o t s 
The K-ion uptakes at different temperatures are depicted in Fig. 2. The experi-
mental results on wheat roots indicated primarily that no departure from the regular 
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Fig. I. K-ion uptake by excised rice from 10 :'M KCI solution at different temperatures in the 
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Fig. 2. K-ion uptake by excised spring wheal roots f rom I0~ s M KCI solution at different tempera-
tures in the presence and abscnce of I0" 3 M CaCU. Uptake time: 60 minutes. 
ion uptake was revealed by using K-ion at different temperatures. It can also be 
stated that the lower critical temperature range of the Viets effect is considerably 
different f rom that found for rice seedlings. 
The results showed that the lower critical temperature of wheat roots was ca. 
10 °C. In our opinion comparison of these data with the results obtained with rice 
seedlings, helps to explain better the Viets effect, not satisfactorily cleared up at 
present ( W A L L A C E , 1 9 7 1 ) . 
3. I n v e s t i g a t i o n w i t h r i ce s e e d l i n g s o f d i f f e r e n t r o o t l e n g t h s 
From our earlier scattered obsservations the conclusion was drawn, that the 
root lengths of thermophilic plants may influence the K-ion uptake anomaly. As the 
problem is of great importance from a methodological point of view, we have 
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Fig. 3. K-ion uptake by excised rice roots f rom 10"3M KCI solution at different temperatures and 
root lengths. 
carried out some investigations in this direction. The results are demonstrated in 
Fig. 3. From the graphs it is easy to see that the K-ion uptake anomaly with the 
4 cm long roots is strikingly higher than those with 6 or 8 cm long roots. At 21 °C, 
on the other hand, where it is well known that no uptake anomaly is experienced, 
there is practically no difference in the ion uptake of roots of different lengths. 
From the above results it is obvious that in the investigation of the ion uptake 
of thermophilic plants one must take into consideration the fact that the extent 
of the uptake anomaly is strongly influenced by the length of the roots. Failing this, 
chiefly when we screen the cold-resistance of different varieties of thermophilic 
plants, we may obtain faulty results. The experimental data also indicate the need 
for further investigations of the K-ion uptake anomaly of root segments. These 
are now in progress. 
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Isotope Laboratory, Department of Biochemistry, Attila József University, Szeged 
(Received M a r c h 8. 1975) 
Abstract 
A quant i ta t ive cal ibrat ion curve was prepared by measurement of the cont rac t ion of the mela-
nophores o n the action of commercia l mela tonin in two lest objects, f rog and newt. The upper and 
lower limits of the quant i ta t ive react ion were established (7.0 and 0.5 ng/ml). 
The MT-dependent quanti ta t ive melanophore reaction was then used to de termine the M T 
content of bovine C. P. extracts . 
The data reveal that the method is very suitable for the quanti ta t ive determinat ion of M T 
within the ranges indicated (the linear section of the curve). T h e method is simple, c h e a p and rapid. 
Melatonin (MT)** is one of the most important hormones of the corpus pineale 
( C . P . ) (AXELROD, 1970a; WOLSTENHOLM et al. 1971). It is known that the histological 
structure of the C . P . in lower-order vertebrates is similar to that of the retina (OKSCHE 
et al. 1969; O W M A N et al. 1970; PETIT, 1971). In this group of animals the C . P . is 
part of the system which (in addition to the hypophysis) controls the accommodation 
of the animals to light (WOLSTENHOLM et al. 1971). 
In higher-oreder vertebrates the C. P. has another function, namely the inhibition 
and control of the sexual activity during the maturation of the animals. The observ-
ation that the skin of frogs (Amphibia) is decolorized by a bovine C. P. extract was 
reported by LERNER et al. (1959) and they isolated the active substance responsible 
for this decolorization (KERNER et al. 1960). MT induces the color changes of the 
skin by aggregating the melanin around the melanophore cell nuclei. The hypophysis 
melanin-stimulating hormone (MSH) possesses antagonist properties towards MT. 
MT concentrates melanin not only in Amphibia but also in Pisces (Joss, 1973;. 
R E E D et al. 1969). MT is the most potent mediator causing the contraction of the 
melanophores in the skin of Amphibia. From such an aspect it is 105 times more 
active than noradrenaline (AXELROD, 1970b). The secretion of MT follows a diurnal-
nocturnal rhythm, which is of importance in the daily rhythm of many physiological 
functions (AXELROD, 1970b; REITER, 1973). The MT content of the C . P. is very 
low, and accordingly its quantitative determination demands a sensitive method. 
MT can be separated from the other compounds with indole skeleton and mea-
sured spectrophotofluoromerically in a very complex method involving repeated 
purification. Similar limiting factors must also be reckogned with in chromatogra-
* T o w h o m reprint requests should be sent. 
*• Abbreviat ions used: M T = melatonin (5-methoxy-N-acetyl- t ryptamine); C . P. = c o r p u s 
pineale; M S H = melanin-st imulating h o r m o n e : T L C = thin-layer ch romatography . 
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phic (paper chromatography and TLC) methods, because of the preliminary puri-
fications ( L E R N E R et al. 1959; L E R N E R et al. I960: M C I S A Acet al. 1964). The MT 
content of the C. P. can also be followed indirectly by measurement of the hydroxy-
indole-O-methyl-transferase activity, since this enzyme is responsible for the final 
step in the synthesis of MT ( A X E L R O D et al. 1961). 
Materials and Methods 
Adult animals f rom the following species were used experimental ly to determine the M T 
activity: Rana r id ibunda, Tr i tu rus vulgaris, Carassius a u r a t u s spec. Japonicus var. b icaudatus . 
In animals f rom each group measurements were first made of the rest size of the melanophores , 
employing a C Y T O P L A S T stereomicroscope (PZO, Poland) a Burker c h a m b e r and an ocular 
micrometer . The shape of the melanophores is extremely similar to that of the mul t ipolar neurocytes 
in mammals . The areas in which the melanophores were observed were the abdomina l skin in the 
the membrane between the toes in the newt, a n d the tail fin and abdomina l skin in the fish. Chlora l 
hydrate was used to immobil ize the test objects . 
The M T used for the preparat ion of the cal ibrat ion curve was a Calb iochem (USA) produc t . 
Ethanolic solutions of various concentra t ions were prepared. These were administered to the an imals 
by inject ion, diluted with known a m o u n t s of physiological salt solution if necessary. A norma l scale 
is given in the recording of the cal ibrat ion curve, where the melanophore size is indicated in m m . 
a n d the M T concentrat ion in ng/ml (see Fig. 1). 
In general 50 melanophores were observed in the visual field. Their average size is given later. 
The method described here is a specific biological determinat ion. T h e decrease in intensity 
of the colour of the skin can be observed by two methods : (a) photometrical ly, measur ing the trans-
parency of the skin ;(b) the shape of the melanophores and their cont rac t ion can be followed directly 
by microscope, and the change can be measured quanti tat ively. We selected the latter me thod for 
the determinat ion of MT, since we consider it more accurate than the fo rmer (MORI et al. 1960; 
R A L P H e t a l . 1 9 7 0 ) . 
Results and discussion 
The size of the melanophores of the immobilized animals was measured in the 
rest state. 
1. It was found that under normal light conditions the size of the melanophores 
was largest between I and 3 p.m. : 
Carassius a. 0.1562—0.1704 mm, 
Triturus v. 0.0852 mm, 
Rana r. 0.0852 mm. 
2. In strong light the size of the melanophores in the fish did not change, but 
those in the Amphibia were more dispersed: 
Triturus v. 0.0994—0.1136 mm 
Rana r. 0.0994—0.1136 mm 
The melanophore size was measured on maximum contraction after adminis-
tration of MT. The highest MT concentration used was 30 ng/ml (see calibration 
curve. Fig. I). The calibration graph reveals that even 20 ng/ml M T gives rise to a 
strong contraction, this not being increased further by a concentration of 30 ng/ml. 
Carassius a. 0.0142 m m, 
Triturus v. 0.0142 mm, 
Ranar. 0.0142 mm. 
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Following this, a calibration curve was prepared on new experimental objects 





















The average was calculated from the frog and newt melanophore data in 10 
fields of vision. (It did not prove possible to obtain a linear correlation between 
the MT concentration and the reaction of the pigment cells in the case of the fish 
species examined.) 
5 10 15 20 
M e l a t o n i n c o n c e n l r a M o n l n a n o g / m l ) 
Fig I 
It can be seen from the curve that size of the melanophores does not change 
in the MT concentration range 20—30 ng/ml. In the range 0.5—20.0 ng/ml the 
curves were linear. No change in size could be demonstrated at MT concentrations 
lower than 0.2 ng/ml. From this the conclusion can be drawn that under normal 
conditions in the frog and newt 0.2—0.5 ng/ml MT maintains equilibrium with the 
given amount of MSH. 
Subsequently, extracts were prepared from 20 bovine C. P. The extraction 
was performed with petroleum ether at room temperature from the homogenizate 
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prepared with physiological salt. The petroleum ether phase was separated and 
discarded (lipid extracts). The homogenizate was then extracted twice with its own 
volume of ethyl acetate. The ethyl acetate extracts were separated and evaporated 
to dryness under N2 at 40 °C. The aqueous phase was reextracted in the same manner 
with ethyl acetate and the ethyl acetate extracts were combined and evaporated to 
dryness as before. The collected residue was dissolved in 1 ml dry ethanol and the 
quantitative determination carried out by the above detailed method. 
The dry residue of the ethyl acetate extract of the lipid-free C. P. homogenizate 
gave rise to a melanophore response corresponding to an MT concentration of on 
average about 10 ng/ml per corpus pineale. 
HPP/SOD 
Fig 2 
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T H E LIPIDS O F T H E BOVINE PINEAL GLAND 
(Short communication) 
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Isotope Laboratory Department of Biochemistry, Attila Jozsef University, Szeged 
(Received M a r c h 8, 1975) 
Abstract 
The phosphol ip id composi t ion and cholesterol con ten t of 2-year-old bovine pineal gland 
extracts were determined. The total lipid content was 3.7—5.6% of the wet weight. In general 71 % 
of the total lipids consists of var ious phospholipids, a n d 15% of f ree cholesterol. 
The study of the lipids of the pineal gland was considered necessary becuase 
the hormone of this organ, melatonin, is a lipophilic substance (Index Merck, 1 9 6 8 ) , 
and because large changes take place in the mutual proportions of the lipids (mainly 
phospholipids) during various pathological processes ( Z W E E N S , 1 9 6 3 ) and pathologi-
cal changes ( K A H A N , 1 9 7 1 ) . In addition, various transmitters similarly affect the 
proportions of the phospholipids of the pineal gland and the uptake of H 3 3 2 P 0 4 
( 3 2 P ; ) * * ( B A S I N S K A et al., 1 9 7 3 ) . The role of the neutral lipids and fatty acids is 
predominantly to act as a store of reserve nutriment, in the form of drops which 
can be detected histochemically in the cytoplasm of the pineal gland ( Q U A Y , 1 9 5 7 ; 
R O O Z E M O N D e t a l . , 1 9 7 0 ) . 
Materials and Methods 
The bovine pineal glands used in the study were obta ined f r o m the Szeged abat to i r . The study 
material was mainta ined at —4 °C. It was washed in physiological salt solution and the weight of 
the glands measured. The weight of one gland was 0.2—0.25 g. Samples taken for examina t ion 
consisted of 5—10 glands. The samples were homogenized with a cold mixture of ch loroform and 
methanol (2 :1) (FOLCH et al. , 1951), and the c rude extract was washed with 0.88% potassium chloride 
(FOLCH et al., 1957). Other samples were t reated in the following way : the material was homogenized 
in the above-ment ioned mixture, and extracted under shaking fo r 30 min, and the water-soluble 
impurities were removed by dialyzation against distilled water . The extracts were evapora ted to 
dryness and determined gravimetrically (KREMMER et al., 1969). The evapora ted lipids were dissolved 
in ch lo ro fo rm — methano l (2 :1) ; in general a 3% solution was prepared. 
Fo r purposes of T L C , Kiesegel G nach Stahl adsorbent was applied in a thickness of 0.25 m m 
to 1 0 x 2 0 cm and 2 0 X 2 0 c m glass plates with the aid of a Desaga appara tus . The plates were activ-
ated a t 110 °C fo r 20 min . 
Lecithin, stearic acid, palmit ic acid, cholesterol and cholesterol acetate were used as compara -
tive s tandards . 
The solvent used to separate the individual componen t s of the total lipid solution was n-
hexane — diethyl e ther — glacial acetic acid (73:25:2) . The following f rac t ions were ob ta ined : 
* T o w h o m reprint requests should be addressed 
** Abbrevia t ions used: P, inorganic o r t h o p h o s p h a t e ; T L C thin layer -chromatography. 
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phospholipid, cholesterol, mono-, di- and triglycerides, fatty acids, and cholesterol esters. The 
plates were placed for a short time in iodine vapour, and the spots of the developed lipid fract ions 
were marked. The lipid fractions on the chromatogram were next collected quantitatively into test-
tubes (ALTHAUS et al., 1973). The individual components of the phospholipid fraction were separated 
further by ascending TLC on the above adsorbent. 
The following solvents were employed to separate the individual members of the phospholipid 
fractions: chloroform — msthanol — water — acetic acid (65:35:3.6:2) , and chloroform — methanol 
— 25% ammonia (70:30:5). The separated components were collected individually and determined 
quantitatively, the phospholipids by the Fiske—Subbarow method (MÜHLRAD, 1970), and choles-
t e r o l b y t h e L i e v e r m a n n — B u r h a r d r e a c t i o n ( L I E B E R M A N N , 1 8 8 5 ) . 
Results 
It was found gravimetrically that the lipid content was 3.7—5.6% of the wet 
weight of the bovine pineal gland. The lipid content increased with the age of the 
pineal gland: 
1 year 3.7%; 
2 years 4.1%; 
3 or more years 4.9—5.6%. 
With the above methods five phospholipids could be identified: sphingomyelin, 
phosphatidly inositol, phosphatidyl choline, phosphatidyl serine and phosphatidyl 
ethanolamine. 
The cholesterol content was found to be 15% of the total lipids. 
It was also established that the phospholipids make up 71% of the total lipid 
content. The percentage distribution of these is shown in the following Table: 
Table 
Pineal gland phospholipid 
fraction 
Proport ion of the phospholipid 
component (in %) 
unknown 1.03 
sphingomyelin 12.20 
phosphatidyl choline 48.30 
phosphatidyl inositol 5.65 
phosphatidyl serine 7.91 
phosphatidyl e thanolamine 19.41 
unknown II 5.5 
total 99.99 
(total phospholipid content of the extract) 97.33 
With the aid of the phosphate calibration curve the phosphate contents of the 
indiviudal phospholipid fractions were obtained in mg, and f rom these the amounts 
of the individual components were calculated in mg and in %. Phosphate determi-
nation was also carried out on the original total phospholipid solution, for the sake 
of comparison. The values for the individual components were added together and 
the result was compared with the value calculated from the phospholipid solution: 
it was found that the error was ± 1.33%. 
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Discussion 
86% of the lipids in the total-lipid extract of the pineal gland was identified. 
The residual 14% comprises cholesterol esters, mono- and diglycerides and waxes. 
Of the components of the phospholipid fraction (which constitues 71% of the 
total lipids), only 6.53% could not be identified. The smaller part of this (unknown 
I) is situated near the TLC front , and can probably be identified as triglycerides 
accompanying the lipids. The larger part of it (unknown II) remains near the start 
point; this contains several components (cerebroside, ganglioside, etc.). 
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PROPERTIES OF ENZYMES VII. 
PURIFICATION AND P R O P E R T I E S O F HUMAN PLACENTAL 
SUPEROXIDE DISMUTASE, AND TOTAL PEROXIDASE 
ACTIVITIES IN NORMAL AND PATHOLOGICAL CASES 
K A T A L I N K O V Á C S , D . G . S Z Ő N Y I a n d B . M A T K O V I C S 
Isotope Laboratory Department of Biochemistry, Attila József University, Szeged 
(Received March 8, 1975) 
The results achieved in connection with the purification and properties of 
human placental superoxide dismutase are reviewed. The rough molecular weight 
of the purified enzyme was determined. After the hydrolysis of enzyme protein 2 
its quantitative aminoacid composition was determined and compared with data 
for other human superoxide dismutases. The changes in the total superoxide dismutase 
and total peroxidase were brought into correlation with the age of the placenta. 
A certain biological periodicity can be observed in the changes of activity of the 
enzymes in normal placentae. 
As a continuation of our earlier work ( P H A M V A N H I E N , 1974; M A T K O V I C S , 
1975), the present publication deals with the determination of the molecular weight 
and aminoacid composition of purified human placental superoxide dismutase 
(SOD; E C 1.15. 1.1.) and with the changes observed in the eznyme under normal 
and pathological conditions, these latter being supplemented with the changes in 
human placental peroxidase (HPP; EC 1.11. 1.7.) under parallel conditions. 
Materials and Methods 
The preparat ion and quanti tat ive determination of S O D were detailed previously (PHAM VAN 
HIEN et a l„ 1974). Af ter fract ionat ion, precipitation, purification on a Sephadex G—75 column and 
concentrat ion with Molselect G—25 (Reanal , Budapest), S O D with an activity of 2350 ixmole. 
mm. 1 m g " 1 was obta ined; this was preserved in freeze-dried fo rm for use in fur ther examinat ions. 
The quanti tat ive determinat ion of SOD was most of ten performed with the ad renochrome 
m e t h o d ( M I S R A e t a l . , 1 9 7 2 ) . 
The quanti tat ive determination of S O D was most often performed with the ad renoch rome 
In the comparat ive studies the placentae were pretreated to remove haemoglobin (PHAM 
VAN HIEN et al., 1974), and the tissue was then homogenized in cold 155 mmole/1 N a C l solution 
<5 ml solution per I g wet tissue) in a Pot ter glass homogenizer (PHAM VAN HIEN et al., 1974). 
The supernatant obtained in the course of the preparat ions af ter e thanol-chloroform (5 1) 
p r e c i p i t a t i o n a n d c e n t r i f u g á d o n w a s u s e d f o r t h e d e t e r m i n a t i o n o f S O D (KEELE e t a l . , 1 9 7 1 ) . 
F o r the peroxidase measurements, 1 g wet placental tissue, washed free of haemoglobin, was 
homogenized under the above-mentioned condit ions, and the enzyme was determined on various 
aliquots of the homogenizate af ter adjusment of the p H to 7.1 with phosphate buffer. 
The quanti tat ive measurement of peroxidase was carried out at 470 nm with a Spek t romom 
360 ( M O M , Budapest) photometer , using the guaiacol method (COLOWICK et al., 1955)- a total 
volume of 3 ml was taken and 1 cm cells were used. 
(The data determined fo r the enzymes always refer to 1 g wet tissue.) 
The normal h u m a n placenta weights reported by KLOSTERMAN et al. (1954) were used to cal -
cula te the average values f rom the 24th week on (see Fig. 1. and Table 1). 
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In the purification of the S O D the protein content of the f rac t ions was determined spec t ropho-
tometrically at 280 n m or by the L O W R Y method (LOWRY et al., 1951), using bovine a lbumin t o 
p repare the s tandard curve. 
A Spek t ronom 301 ( M O M , Budapest) spec t rophotometer was employed for measu remen t s 
in the U V region. 
The absorp t ion spectrum of the pure placental S O D was recorded in a 50 mmole/1 po tass ium 
phospha te buffer (pH 7.8) at a protein concentra t ion of 0.12 g/ml ,with a Unicam SP—800 spectro-
photomete r (Fig. 3). 
Molecular weight determinat ions were per formed on 2 0 x 2 0 c m plates coated with 0.6 m m 
layers of Sephadex G—100 superfine gel. 155mmole- l N a C l solution was used for r u n n i n g in a n 
ascending system, in a specially-designed appara tus (Pharmac ia A G , Uppsa la , Sweden) (Pha rmac ia 
bookle t , 1971). The enzymes and compar i son materials were dissolved in distilled water , d r o p p e d 
o n t o the plates, and subjected to runn ing fo r abou t 4 h. The anzyme spots were t ransfer red f r o m 
the layer on to W h a t m a n M N 214 paper with the replication technique (RADOLA ,1968); on the pape r 
they were stained with 2 g/1 (2.86 mmole/ l) bromocresul green solution in alcohol-acetic acid 
(955:5), and fixed in a m m o n i a vapour (Fig. 4). 
The freeze-dried enzyme was used fo r the quant i ta t ive de terminat ion of the S O D prote in 
aminoacids . Hydrolysis was achieved with 6 mole-1 HC1 fo r 22 h at 120 °C. The hydro lyza te was 
evapora ted t o dryness, and an a m o u n t equivalent to 0,1 mg protein was t ransferred to the c o l u m n . 
A Bio-Cal BC—200 aminoac id analyzer (Bio-Cal, R i c h m o n d , Cal i fornia , U S A ) was used, 
with a 5 2 . 0 X 0 . 9 c m column packed with Aminex A—6 (12—15 m) spherical resin (B io -Rad 
Labs. , R ichmond Cal i fornia , USA) . (The one-column technique was used.) The resin c o l u m n was 
maintained a t 52—53 °C th roughou t the analysis (Fig. 5, Tabl . 2). (The data in the T a b l e give 
the number of aminoacids per protein molecule.) 
The h u m a n placentae were obta ined f r o m the Depa r tmen t of Obstetr ics and Gynaeco logy , 
University Medical School, Szeged. They originated in pa r t f r o m normal bir ths, p rema tu re b i r ths a n d 
artificial abor t ions , or f r o m interrupt ions b rough t a b o u t by in t raamnial hypertonic sod ium chlor ide 
solution and by adminis t ra t ion of 25 mg prostaglandin F 2 a l f a ( U p j o h n , USA). (The reasons f o r 
the in terrupt ions were at times o ther pathologic processes, which are ment ined separately.) 
Figure 1 and Table 1 contain values and average values for which primarily 
the data of K L O S T E R M A N et al. (1954) were used. 
Results and Discussion 
Table 1 
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* Fo r calculat ions the average values of placentae were always used. 











Z1 ¿0 <10 
D u r a t i o n of p r e g n a n c y 
Fig. 1. Literature values illustrating average weight of placenta as a funct ion of dura t ion of preg-
nancy (K.LOOSTERMAN, 1954). 
Figure 2, similarly taken f rom the literature, is designed to show components 
of the full-term placenta ( G A R R O W , 1 9 7 0 ) . Naturally, other references too could be 
mentioned in this respect ( G E L L É N , 1 9 6 9 ; HAMILTON, 1 9 7 0 ) . 
The other Figures originate f rom our own experimental work. Figure 3 presents 
the absorption spectrum of purified human placental SOD (the details of the spectrum-
recording are given in the "Materials and Methods" section). 
Figure 4 illustrates the comparative SOD molecular weight values obtained 
with the replica technique. The comparison was performed with human and bovine 
erythrocyte SOD of known molecular weight. In addition, the SOD of unknown 
weight prepared from the full-term placenta was also depicted graphically. (Our 
molecular weight determinations can be said to be approximate only.) 
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Water 320 g 
Non-protein solids 5g 
Metabolic protein 2Lg 
Inert protein 43 g 
Fig. 2. Literature column-graph illustrating the main components of a full-term placenta (G 
1970). 
Fig. 3. UV absorption spectrum of human placental superoxide dismutase. 
PROPERTIES OF ENZYMES. VII 1 0 3 
0 0 . 
Fig. 4. Determination of molecular weight of human placental superoxide dismutase by replica 
techniquw 
1. Pea SOD (M.W. 31,500) 
2. Bovine erythrocyte SOD (M.W. 32,600) 
3. Human placental SOD 
4. Human placental SOD 
5. Human erythrocyte SOD (M.W. 33,600) 
Figure 5. presents the recorded aminoacid qualitative and quantitative values. 
These correspond to the data in Table 2, where, however, the quantitative data 
for the aminoacids were calculated via the molecular weights determined by ourselves. 
These permit a good comparison as regards the quantitative values for the similar 
human and animal (vertebrate) SOD-s 
In the following three Figures (Fig. 6—8) a comparison is made of the SOD 
values of placentae of different ages, calculated on the total weight. It can be seen 
that the relative and absolute amounts of SOD increase during the development 
of the placenta. The Figures clearly reveal the repid rise in the SOD values of pla-
centae developing under normal conditions. (This may be related with the protective 









Normal h u m a n 
placentae 
M. W. 32,600 33,600 32.000 
Lys 22 22 22 
His 16 16 16 
Arg 7 10 5 
Asp 36 35 35 
Thr 16 26 19 
Ser 20 20 21 
Glu 26 24 50 
Pro 10 14 29 
Gly 50 50 23 
Ala 20 21 21 
Val 28 28 26 
Met 0 0 3 
lie 16 17 8 
Leu 17 20 25 
Tyr 0 2 5 
Phe 8 10 12 
T r p 2 0 0 
Cys/2 7 6* 2 
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Fig. 5. Quanlitaiive aminoacid chromatogram for human placental S O D hydrolyzate 
effect of SOD, much mentioned in the literature, which tends towards the elimination 
of the 0 " 2 anion (FRIDOVICH, 1972). (See mainly Fig. 6) 
If the normal development is disturbed by anything at all, or if abortion is 
initiated with intraamnial hypertonic sodium chloride, or prostaglandin, for instance, 
the measured SOD value falls considerably. Our findings refer particularly to those 
cases when foetal necrosis and other pathological processes (mola hydatidosa, etc), 
necessitate induced abortion. (Mainlysthe data of Figure 7. are of such origin.) 
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0 P r o s t a g l a n d i n 
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-CL J 1 i l l 
10 (4 i l 15 11 45 
Dura t ion of p r e q n o n c y 
Fig. 6. Variation of total SOD activity of 4—15-week placentae. (Material originating from arti-
ficial, prostaglandin and salt-saturation abortions.) 









act ivi ty 
•3 TVottoglandin 
3 S a l t - s a t u r a t i o n int irruptions 
3 Otlitr pathological caie i 
ft 17 18 20 21 22 24 26 28 
Durotion of pregnorvy 
Fig. 7. Variation of total SOD activity of 16—28-week placentae. (Material originating from pros-
taglandin. salt-saturation and other pathological interruptions.) 
(The SOD activity values in the Figures were obtained by taking the SOD values 
for I g wet placenta after the preparation detailed in the "Materials and Methods" 
section and multiplying by the placental weight data in Table I). 
In Figure 8 the SOD values of the full-term placentae are compared with the 
SOD values of placentae originating from premature deliveries. 
Figure 9. compares the total SOD and total peroxidase values for placentae 
from artifical interruptions (4th—15th week) and full-term placentae (40th—41st 
week). 
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Fu l - t e rm p/occntoe 
JO >5 37 St 39 1(0 
Durolion o[ preqnoncy 
Fig. 8. Varialion of lolal S O D activity of 30—41-wcek full- term placentae and placentae f rom pre-
mature deliveries. 
Figures 10. and 11 present similar enzyme data for 12—28-week placentae. 
Figure 10. shows separately the total enzyme values for the prostaglandin-initiated 
interruptions, and Figure 11 those for the interruptions induced with hypertonic 
solution. 
Figure 12. was obtained by dividing the total SOD value by the peroxidase 
value; thus, the ratio of the peroxide producing and decomposing enzymes could 
be characterized by values in the range 0.1—0.5 SOD produces H 2 0 2 by the reaction: 
2 0 - 2 + 2 H + - H 2 0 2 + 0 2 
while HPP decomposes the H 2 0 2 : 
XH2 + H 2 0 2 —2 H 2 0 + X o x W e 
The radicals produced in the reactions can participate in many processes, of 
course, and may result in the formation of useful or harmful metabolites. 
Figure 13. shows the reciprocal peroxide metabolism index. In this case the 
total HPP values were divided by the total SOD values. The values in Figure 13. 
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Fig. 9. Comparison of total peroxidase and total SOD activities in artificial interruption and full-
term placentae. 
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F.g. 10. Compar i s on of total peroxidase and 
total S O D activities in material f rom pros-
taglandin in terrupt ions . 
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Duration of pregnonci) 
Fig. 11. Compar i son of total peroxidase and 
tota l S O D activities in material f rom satu-
rated-salt solut ion iniciated interrupt ion cases. 
lie between roughly 2 and 12; this is important perhaps from the aspect that the 
values are spread out more. 
Both column-graphs display a certain harmonic fluctuation with regard to 
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9 Prostaglandin 
S S o J t - Saturat ion i n t e r r u p t i o n s 
0 P r e m a t u r e deliveries and p a t h o l o g i c a l c o m : 
G i n t e r r u p t i o n s 
B F u l " t « r m p l a c e n t a l 
7 8 <0 <2 15 15 <6 17 18 to 24 22 21 26 28 Jo 35 37 38 49 W 
D u r a t i o n of p r e g n a n c y 
Fig. 12. Variation of average value of S O D H P P index in the material examined. 
HPP I SOD ^ Pro t t ag lan j in 
le.o 8 Sat t- saturat ion interruptions 
D Pr»mature deliveries and pa iMo^ica l coses 
too • in te r rup t ions 
B Tull "term placentae 
7 8 40 (2 fi 45 16 17 18 20 t< 21 21 26 2 8 Jo 35 37 J8 J9 W H 
Duration of p regnancy 
Fig. 13. Variation of average value of H P P S O D index in the material examined . 
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Abstract 
The anticonvulsive effects of tertiary tropine derivatives were studied on pharmacological and 
electrical seizures of anaesthetized cats and on electroshock of waking rats. Six out of twenty com-
pounds examined, proved to be effective on these tests. The significant anticonvulsive potency of 
diphenyl-acetic and Xanthen-9-carbonic derivatives of t ropine deserve special a t tent ion. 
During our previous experiments ( F E H É R , H A L Á S Z , M E C H L E R , 1 9 6 5 ) it was 
shown that the atropine applied to the cortex abolished the rhythmic after-discharges 
produced by acetylcholine and eserine, but had no effect on the strychnine potentials. 
From this fact the conclusion was drawn that in the mechanism of the rhythmic 
after-discharge cholinergic synaphes may play a role; the acetylcholeni may have 
an excitatory effect, or perhaps due to an inhibitory action it may enhance the 
activity of excitatory circuits. 
Starting from these results it was examined whether the teriary derivaties of 
tropine which did not contain tropic acid have any inhibitory effect on the rhythmic 
after-discharge produced by acetylcholine and eserine, or not? 
Our experiments had two main purposes. First, the anticonvulsive effect of 
atropine had to be controlled by the examination of some of its derivatives and on 
the other hand, we speculated, that these drugs having proved to be effective on 
the model convulsive phenomenon, may serve perhaps as new tools in the therapy. 
For the investigations 20 tropine derivatives were collected, which had a mini-
mal peripheral ganglionic inhibitory, analgesic and antitremorin effect. Thus the 
unwated sideeffects could be avoided, and the problems in the interference among 
different drugs can be reduced to a minimum. For many purposes the tertiary deri-
vatives seem to be most suitable beacuse in case of intravenous application those 
derivatives have a chance to pass through the blood-brain barriere. 
In Hungary N Á D O R and his coworkers ( 1 9 5 8 ) produced tropine derivatives 
in large series, — and among their materials were found compounds which meet 
the requirements mentioned above. 
A common feature of these derivatives was that the tropine remained either 
unchanged in them, or its nitrogen-atom was substituted by ethyl- or propyl-groups 
instead of methyl moiety. Thus our compounds to be examined differed among 
each other mainly in their acid constituents. 
The chemical structures are listed in Table I. 
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TABLE I 
NA '81 
3-a-phenylacetoxi tropine 0,003 0,05 0,001 0 
NA 184 
NA 184 
3-a-diphenyl-acetoxi-tropine 0.002 0,045 0,01 0 
NA 668 
3-a-(4 clorid)-bensoiloxi-tropine 0,006 0.(X>6 0,15 0 
NA 676 
3-a-diphenly-acetoxi-N-etyl-nortropine 0,006 0,10 0,18 0,075 
N 919 
3-a-cyclopropylcarbonyloxi-tropine O.00I 0,013 0,06 0,057 
N947 
3-a-(9 xanthen)-carbonyloxi-
N-ethyl-nortropine 0,01 0,021 0.173 0 
LDW values 
(acute mouse-toxicity) 
NA 676 71 mg/kg N A I 8 4 108 nig/kg 
NA 668 80 mg/kg N 9 1 9 112 mg/kg 
NA 181 105 mg/kg N 947 113 mg/kg 
Of the 20 derivatives subjected to experimental proof only those are reported 
in this paper which exhibited anticonvulsive action of measurable size. 
The effect of the tertiary tropine derivatives was investigated from three points 
of view: 
1. The effect on the rhythmic after-discharge produced by strychnin-neacetyl-
choline-eserine in the cat's cerebral cortex. 
2. The effect on electric convulsions produced by direct epicortical stimulation. 
3. The effect on the electroshock of waking rats. 
The experiments mentioned under paragraphs 1 and 2 were carried out on 
cats, superficially anaesthetized by sodium-pentobarbital (40 mg/kg). 
The acute toxicity of all derivatives was tested on mice. The toxicity data are 
given as an addendum to Table 1. 
The pharmacological data of six derivatives found to be effective were taken 
from D E C S I ' S candidate-thesis (1966). 
Considering the fact that in some cases also cardiac-effects were seen in the 
first and second series of the experiments the ECG was registered, too. 
The action of the experimental compounds were compared on superficially 
narcotized cats with a few other drugs, already being used in the therapy to detect 
any difference in the effect on the chemical and electric conculsions. 
The solutions of the therapeutics were made from pure substances obtained 
directly from the factories, without any substance added. 
Methods 
E l e c t r o c o r t i c o g r a p h y o n c a t s 
The animals of both sexes, weighing 1,5—3,00 kg were anaesthetized with 40 mg-kg sodium-
pentobarbital given intraperitoneally. One of the femoral veins and the trachea were cannulated. 
The head of the animal was fixed in a stereotaxic appara tus (Type KOVACH) and the brain was 
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widely exposed on both sides; 2 or 3 ball tipped silver electrodes were placed on each hemisphere 
and connected to the input of a Galileo Polyphysiograph. Later series of experiments were carried 
out by use of an eight channel EMG Electroencephalograph. The time constant of the EEG ampli-
fiers was 0.3 sec with an upper limiting frequency of 150 Hz. 
One channel of the EEG apparatus served to record the EEG of the animal in the second 
lead of Einthoven. 
E l e c t r o s h o c k . M e a s u r e m e n t of a n t i c o n v u l s i v e a c t i v i t y . 
For provoking electroshock on waking rats we used the method of TOMAN, SWINYARD and 
GOODMAN (1946). The current intensities necessary for provoking maximal seizures were determined 
on 45 rats. Testing electroshocks were applied in every 48 hours with gradually elevated current 
intensities. After a 2 week period of testing each animal showed a stable, well reproducible seizure 
threshold. The scattering of threshold values did not exceed 3 percent. At current strengths of 
16—26 m the latency of seizures equalled 3 seconds. 
Electric s h j ; ! « ware applisJ by m a i n ; of bi tanporal elartroJa; fed from a shocking-device.. 
After having datermined saizure thresholds, the animals ware divided into groups; each of 
them consisted of 5—7 animals. Before administration of the substances to be tested we controlled 
the seizure threshold by electroshocks given with 48 hours intervals. The dose of the substances was 
in each case 10 mg/kg body weight given intraperitoneal^. 1, 4 and 24 hours after the injection we 
gave test shocks and the seizure intensities exhibited at these times were compared with the control 
ones. In cases of substances having long lasting action we made shock tests also after 4—7 days. The 
complete abolition of seizure we took as an effect of 100 percent, partial seizures were judged to be 
of 50 or 25 percent according to their intensity. If test shocks produced maximal seizure, the drug 
action was taken zero. From the values of a group we calculated the mean and this characterized the 
effectiveness of a substance at a given time after the injection. 
D i r e c t s t i m u l a t i o n of t he b r a i n h e m i s p h e r e s of a n a e s t h e t i z e d c a t s was made 
as follows. On the exposed medial ectosylvian gyri we placed silver wire stimulating electrodes 
bilaterally. Square wave pulses used for stimulation had the following parameters: 100 volts, 100 Hz, 
frequency, 0,7 msec duration. A stimulation period with the above parameters lasted for 5 seconds. 
At the end of stimulation EEG recording was stharied. The electroshocks provoked in this way had 
a duration of 15—40 seconds. If the stimulating electrodes were placed on the same side or if we 
p erformed high decerebration previously no seizure could be obtained. 
P r o v o c a t i o n of r h y t h m i c a f t e r - d i s c h a r g e by p h a r m a c o l o g i c a l a g e n t s . We placed 
on the anterior suprasylvian gyrus a piece of filter paper ( 2 x 2 mm) soaked in I % strychnine solution. 
After the appearance of the strychnine potentials another piece of filter paper was applied to the 
cortex, soaked in a solution containing I percent acetylcholine chloride and 0,1 percent physostigmine 
sulphate. Under such conditions a rhythmic after—discharge developed in 3—10 minutes, except the 
anaesthesia was too deep. The drugs tested ware given intravenously in this case, too. 
The action of tertiary tropine derivatives on the after-discharge elicited 
pharmacological ly 
Fig. I. shows the normal electrocorticogram of a cat in light anaesthesia. The 
respective locations of the four monopolar leads are indicated in the Figure. The 
common indifferent electrode was on a frontal skin flap. In Fig. 2. a typical after-
discharge is visible provoked pharmacologically in the suprasylvian gyrus. A weak 
transcallosal projection of seizure is to be seen. 
NA 181. The effect of 1,5 mg/kg NA 181 can be seen in Fig. 3. on a rhythmic 
after-discharge. This dose was capable to abolish an after-discharge of middle 
intensity in 9 minutes. 
The fast rhythmic components disappear completely, only strychnine potentials 
remain. No substantial change in the electrographic picture of other areas is present. 
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Fig. 1. Elecirocorlicogram of a cat anaesthetized by 40 mg-kg sodium-pentobarbital . Leads: 
I . : g. suprasylvius anterior left side, I.: g. ectosylvius medius, left side 111.: g. suprasylvius 
ant. right side, IV.: g. ectosylvius medius right side. V.: Electrocardiogram in II. Einthoven 
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Fig. 2. Rhythmic after-discharge elicited by local application of 1 p.c. Strychnine. 1 p.c. Acetylcholine, 
and 0,1 p.c. Eserine solutions, on the g. suprasylvius ant. Paper speed at right is higher. 
NA 184. The nearest relative of the former compound suppressed rhythmic 
after-discharges in somewhat higher doses (not illustrated). 
NA 668. In Fig. 4. the action of a 2,5 mg/kg dose of NA 668 is demonstrated 
on a rhythmic after-discharge involving the anterior suprasylvian gyrus. Under 
drug action the after-discharge was curtailed remarkably, its frequency decreased 
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Fig. 3. The effect of 1.5 mg-kg NA 181 on rhythmic after-discharge provoked pharmacologically. 
At left control, at right 9 minutes af ter the injection. 
j i • i i i » i i » i « i • • • • • • i . • . . 
Fig. 4. Rhythmic after-discharge; 2.5 mg-kg NA 668. 5 minutes af ter injection. 
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and as only remnants, facilitated strychnine potentials could be seen. The projected 
strychnine spikes on the opposite side remained intact, too. In the electrocardiogram, 
there appeared an accentuation of the S-wave. 
NA 676. Its effectiveness and type of action was very like to that of NA 668. 
A dose of 3 mg/kg reduced the after-discharge vigorously in 8 minutes (Fig. 5). 
A'A 919. Its anticonvulsive activity was weakest of all and 10 mg/kg doses were 
needed for suppression of after-discharges. The action consisted mainly in the curtail-
ment of the seizure with preservation of isolated strychnine spikes. 
T I I—r l I — r 
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Fig. 5. Rhythmic after-discharge: 3.0 mg kg NA 676 8 minutes after injection. 
N 947. was one of the most potent compounds. The intravenous injection of 
I mg/kg abolished a rhythmic discharge having a projection to the opposite side, 
too. No remarkable cardiac effects were seen of it. 
After this brief demonstration of the actions exerted on rhythmic after-discharges 
an important comment must be added. Our test-method used in these experiments 
raised rather rigorous criteria against the drugs tested. One has to consider, that 
substances provoking seizure discharges were present on the cortex in concentrations 
ranging from 0,1 to 1,0 percent. (1—10 mg/ml). The compounds tested, given intra-
venously in 1,5—10.0 mg/kg doses could attain a local concentration in the cerebral 
tissue not exceeding 1/100—I/I000th of that of the convulsive drugs. Thus they 
were in a 100—1000-fold drawback as related to the convulsive agents. 
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Tha action of tropine derivatives on the cortical seizure p h e n o m e n a 
elicited by direct stimulation 
In the next series of experiments electric convulsions were provoked on the 
cerebral cortex by means of stimulating electrodes placed on the medial ectosylvian 
gyri of both sides. The parameters of the stimuli were listed in the Methods. During 
stimulation the inputs of the EEG apparatus were switched off and recording was 
started only at the termination of it. The switching-on caused a considerable capa-
citive artifact, the electric seizure, however subsequent to it, appeared overtly in 
the record. The electric seizure elicited by a 5 sec stimulation consisted of very fast 
oscillations of low amplitude, lasting for 15—40 seconds. Its type and duration 
showed only insignificant variations in the same experiment. Immediately after 
the seizure the base line was flat, spontaneous activity recovered gradually in 2—3 
minutes. Electric seizures could be provoked in every 3—•5 minutes with relatively-
constant duration and electrographic pattern. 
\ WW \ \ 
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Fig. 6. Rhythmic after-discharge. 1.0 mg/kg N 947. 7 minutes after injection. 
In testing tertiary tropin derivatives on the electric seizures we proceeded in 
the following way. Initially we provoked 3—4 electric seizures with 5 min intervals 
of rest. Thus the duration and pattern of the seizures characteristic for the animal, 
was determined. After the last control seizure one of the drugs was injected intra-
venously in a dose indicated in the respective Figures. (On an animal only one drug 
was tested.) Afterwards test seizures were elicited in every 5 minutes until the initial 
seizure pattern recovered. In most animals repeated doses were tested. 
In this series of experiments the potency of tropine derivatives was compared 
with that of the atropine and of several other drugs being in therapeutic use. 
Figures 7—10 illustrate the effect of several tertiary tropine derivatives, of 
atropine and of a commonly used antiepileptic drug. 
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Fig. 7. Cortical electric seizure. At left: control: at r ight: 7 minutes af ter injection of 10 mg-kg 
NA 184. 
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Fig. 8. Cortical electric seizure. 4 mg/kg NA 676; 7 minutes af ter injection. 
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Fig. 9. Cortical electric seizure; 2 x I mg-kg N 947 8 minutes after injection. 
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Fig. 10. Cortical electric seizure. 10 mg-kg Diphedan 10 minutes after injection. 
The e f fec t of tertiary tropine derivatives on the electroshock of waking rats 
By means of the procedure described in "Methods" we provoked electroshock 
on waking rats. After having determined the seizure threshold, a group of rats was 
injected with a 10 mg/kg dose of a substance to be tested. Test shocks were givent 
the end of the 1-st, 4-th, and 24-th hour. In several cases the action could be traced 
up to the eighthday. The small groups did not allow an exact quantitative evaluation, 
therefore our data obtained from these experiments give only approximate information 
about this aspect of the anticonvulsive potency. The time courses and estimated 
values of the anticonvulsive actions are summarized in Fig. 11. 
In the experiments reported here, twenty compounds were examined by each 
testing procedure. Six of them proved to have any anticonvulsive action. The other 
substances were either toxic or whitout effect. 
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Fig. II . Approximative anticonvulsive potency of tertiary tropine derivatives as measured on 
electroshock of waking rats. Ordinate: intensity of seizures; ( + ) denotes full size electro-
shock ( ± ) denotes partial electroshock. Points falling on the abscissa denote seizures abo-
lished completely. 
Discussion 
Before discussing the anticonvulsive effects of tropine derivatives in detail it 
should be emphasized, that an exact and all round pharmacological analysis of these 
compounds fell beyond the scope of our experiments. The main purpose of our 
work was to control the conclusions drawn from earlier experiments and to 
accumulate a certain amount of qualitative information about this type of compounds 
in order to make out if they were suitable for further examination as potential thera-
peutics. 
One of the most obvious results of our investigations seems to be, that the 
compounds tested were much more powerful especially against the acetylcholine 
induced after-discharge than the drugs commonly used. In case of the electric seizure 
of the anaesthetized cat the difference was not as expressed. This may have its origin 
in the mechanism of the acetylcholine induced convulsions. The tropine derivatives 
may retain some anticholinergic effect of the atropine and thus they may be capable 
to antagonize cholinergic processes most powerfully. In the electroshock a lot of 
other than cholinergic mechanisms may be involved. Despite this fact we assume of 
high importance that six of the compounds tested, proved to be a potent antagonist 
of electroshock. This latter is commonly accounted a near analogon of human epilepsy. 
As to the correlation between the chemical structure and pharmacological 
action one can propose only assumptions. It leaves no doubt, that the tropine moiety 
and especially its tertiary nitrogen plays in the formation of the drug-receptor complex, 
an outstanding role. The chemical nature of the substituent at the tertiary nitrogen 
seems to be also highly important. By changing the methyl group for an ethyl radical, 
as it happens in case of NA 184 and NA 676 respectively, an elevation in potency 
and duration of the drug action could be attined. A further lengthening of the 
carbon chain of the substituent e.g. by a propyl group is not advantageous. 
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A l s o the ac id ic moie ty represen t s a n i m p o r t a n t cons t i t uen t o f the molecule . 
A l t h o u g h it is likely to a s s u m e tha t the a t t a c h e m e n t to t he t rop ine d o e s no t leave 
intact t he or ig ina l p h a r m a c o l o g i c a l p r o p e r t i e s o f t he ac id ic mo ie ty , n o d o u b t r e m a i n s , 
ihat t he la t te rs will c o n t r i b u t e to t he overal l p a t t e r n of the ac t i on o f t he c o m p o u n d 
molecu le . 
T h e pheny l - a n d d ipheny l -ace t i c ac id is a c o m m o n c o m p o n e n t of m o r e s u b s t a n c e s 
e x a m i n e d ( N A 181, N A 184, N A 676). 
A c c o r d i n g to HANSON (1958, 1959) phenyl -ace t i c ac id inhibi ts g lu tamic -ac id 
d e c a r b o x y l a s e in b ra in h o m o g e n a t e s a n d in this w a y reduces t he ra te o f G A B A 
f o r m a t i o n . A t l 0 0 n M / 3 , 0 5 m l d r u g c o n c e n t r a t i o n t he inh ib i t ion m a y a m o u n t t o 
96 pe rcen t . T h e exac t role of the G A B A - s h u n t in t he m e t a b o l i s m is no t c lea r , bu t 
it is poss ible tha t by inhib i t ion of G A B A f o r m a t i o n the seizure suscept ib i l i ty m a y 
be e leva ted . 
A t t he s a m e t ime a depress ion o f t he t u r n o v e r o f g l u t a m i c acid m a y i m p e d e 
the overal l cell m e t a b o l i s m a n d t h u s r educ ing exci tabi l i ty . 
A n o t h e r , a l so no t easily eva luab l e set of d a t a c o m e s f r o m FELLMANN (1956) 
w h o o b s e r v e d tha t phenyl -ace t ic ac id inhib i t s a d r e n a l i n synthes is by depress ing 
D O P A - d e c a r b o x y l a s e . A l t h o u g h a d r e n e r g i c m e c h a n i s m s a r e no t likely to pa r t i c ipa t e 
in cor t ica l convu ls ive p h e n o m e n a , their role in med ia t i on of subcor t i ca l inf luences 
c a n n o t be exc luded . 
GARRATTINI a n d coll . (1958) t h r e w light o n t he p r o b l e m f o r m a d i f ferent point 
of view. T h e y cou ld s h o w , that b o t h pheny l - a n d d ipheny l -ace t i c acid inhib i t the 
synthes is o f ace ty lcho l ine by p reven t ing t he a c e t y l a t i o n of c o e n z y m e - A . T h i s m a y be 
of i m m e d i a t e i m p o r t a n c e f o r chol inerg ic m e c h a n i s m s . A c c o r d i n g t o FRUENTOW'S 
repor t , (1963) d ipheny l -ace t i c ac id exer ted a n i nh ib i to ry ac t i on o n s e r u m chol ines-
terase. LISSUNKIN (1964) observed tha t b o t h pheny l - a n d d iphenyl -ace t ic acid c o m -
bined wi th v a n a d y l - s u l p h a t e c a u s e d to decrease the ace ty lcho l ine c o n t e n t o f the 
bra in w i t h o u t e n h a n c i n g chol ines te rase ac t iv i ty . D a n n a n d SUCKER (1964) r epo r t 
a b o u t d ipheny l -ace t i c ac id a n d x a n t h e n - 9 - c a r b o n i c ac id t o have a s p a s m o l y t i c 
effect , in wh ich , in t he a u t o r s ' o p i n i o n , t he i nh ib i to ry ac t ion u p o n ace t a t e ac t iva t ing 
enzymes , p lays a def ini te role. In a c c o r d wi th the d a t a cited previous ly SZADOVSKA 
and coll (1964) f o u n d no t on ly spa smo ly t i c bu t a l so hypo tens ive effects of es ters o f 
d ipheny l -ace t i c ac id . T h e s e c o m p o u n d s inhib i t h i s t a m i n e - c o n t r a c t u r e of t he gu inea 
pig i leum a n d s o m e of t h e m have ana lges ic ac t ion , too . MEDAKOVIÓ a n d BANIŐ (1963) 
r epo r t ed a b o u t po t en t i a t i ng effects exer ted by s o m e der ivat ives o f t he phenyl -ace t i c 
acid ( C F T 1201 a n d 1208) o n the ana lges ic ac t i on of m o r p h i n e . 
DOYLE a n d coll . (1965) descr ibed e x p e c t o r a n t , an t i -cho l inerg ic a n d narcos is -
po t en t i a t i ng effects o f a l coxymethy l a n d thiol es ters of d iphenyl -ace t ic acid. 
A m o r e genera l p ic tu re was given a b o u t the ef fec ts o f phenyl -ace t i c ac id by 
HICKS a n d coll (1964) w h o s t a t ed tha t it inh ib i ted t he resp i ra t ion of t he b ra in t issue, 
a n d a w ide var ie ty of enzymes , ( m o n o a m i n o - o x y d a s e , g l u t a m i c acid d e c a r b o x y l a s e , 
d i o x y p h e n y l a l a n i n e - a n d 5 - h y d r o x y t r y p t o p h a n e d e c a r b o x y l a s e , lact ic ac id d e h y d r o -
genase , g l u t a m i c ac id- oxa lace t ic ac id- a n d pyruv ic acid- t r ansaminase ) . 
A s it is ev ident f r o m this review f a r f r o m comple teness , phenyl - a n d d ipheny l 
acet ic m a y inf luence ce l lu la r m e t a b o l i s m in a var ie ty of w ay s and mos t of these po in t 
to a supp re s s ion of ce l lu lar ac t iv i ty . T h e ques t ion , howeve r , r e m a i n s unc lea red 
w h e t h e r the i r c o m b i n a t i o n wi th t rop ine resul ts in a n y mod i f i ca t ions o f t he or ig ina l 
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p h a r m a c o l o g i c a l ef fects . T h e t r o p i n e itself is a s s u m e d t o c o m b i n e wi th m e m b r a n e 
r ecep to r s . Its es ters behave very likely in a n a l o g o u s m a n n e r . Th i s m a y a l t e r p r o -
f o u n d l y t he p h a r m a c o l o g i c a l p r o p e r t i e s of t h e ac id ic m o i e t y . T h e p e n e t r a t i o n o f 
t r o p i n e es ters t h r o u g h the cell m e m b r a n e a w a i t s t o be c l ae red u p . 
Essent ia l ly t he s a m e can be to ld o f x a n t h e n - 9 - c a r b o n i c ac id a n d i ts de r iva t ives . 
T h i s c o m p o u n d is a c o m p o n e n t o f the s u b s t a n c e label led N 947. T h e s p a s m o l y t i c , 
an t i cho l ine rg ic a n d a n t i h i s t a m i n e ef fec ts of t he se c o m p o u n d s h a v e been s h o w n by 
s e v e r a l a u t h o r s ( G O L D BERG a n d W R A G G , 1 9 5 7 , I 9 6 0 ; L I E B E R , 1 9 5 7 ) . W e a s s u m e 
t ha t these po tenc ies c o n t r i b u t e to t he r e m a r k a b l e a n t i c o n v u l s i v e a c t i o n o f N 947. 
In case of N 919 it is no t easy to dec ide a t w h a t ex t en t t he ac id ic m o i e t y p l ays 
a role in t he final ac t i on . T h e c y c l o p r o p a n e w a s a widely used a n a e s t h e t i c (WORINGER 
a n d co l l , 1951; HAID, 1953; RIKER a n d coll , 1959) hav ing a p r e s u m a b l y a n a l o g o u s 
m e c h a n i s m of ac t i on wi th tha t o f o t h e r i nha l a t i on anaes the t i c s . It is h a r d l y conce i -
vab le tha t a n ac t i on be ing phys icochemica l in n a t u r e c o u l d be p re se rved in t h a t o f 
a c o m p o u n d molecule . A b o u t the p h a r m a c o l o g i c a l ef fec ts o f the c y c l o p r o p y l - c a r b o n i c 
ac id n o d a t a a r e avai lable . 
S u m m i n g u p the resul ts a n d conc lus ions p re sen ted a b o v e it c a n be s t a t e d t h a t 
t he re exist r e m a r k a b l e c o r r e l a t i o n s be tween the chemica l s t r u c t u r e a n d p h a r m a -
cologica l a c t i ons o f t he te r t i a ry t rop ine der iva t ives e x a m i n e d by us. O u r expe r i ences 
m a y yield f ru i t f u l ideas for t he synthes is of n e w p o t e n t d r u g s o f th i s t ype . 
O u r c o n c l u s i o n s m a y b e s u m m a r i z e d a s f o l l o w s . 
1. T h e a t t a c h m e n t o f t he molecu le to t he a p p r o p r i a t e r ecep to r s of t he neura l 
s u b s t r a t e is m a d e poss ible by t h e N-me thy l g r o u p of t he t rop ine . 
2. T h e d u r a t i o n of t he effect is l eng thened by N-e thy l s u b s t i t u t i o n . Th i s s e e m s 
to c o n f i r m the a s s u m p t i o n inc luded in issue 1. 
3. O n l y te r t i a ry der iva t ives can be t aken i n t o a c c o u n t a s a n t i c o n v u l s i v e d r u g s 
because t h a y h a v e a c h a n c e t o p e n e t r a t e the b l o o d b ra in ba r r i e re . 
4. M a k i n g a cho ice of t h e ac id ic moie ty o n e h a s t o p re fe r t he o n e s h a v i n g 
s imi la r effects to those w a n t e d f r o m t h e t r o p i n e ester . 
5. A s t r o p i n e es ters a r e n o t likely t o en te r t he cell t h e y d o no t i n t e r f e re wi th 
m e t a b o l i c processes . T h e r e f o r e c h r o n i c toxic ef fec ts ( au toagress ive d iseases , in jur ies 
o f the liver a n d b o n e m a r r o w ) d o no t represent a real d a n g e r as they d o in case of 
the an t iep i lep t ic d r u g s being in use. 
A s to t he m e c h a n i s m o f ac t i on on ly hypo these s c a n be p u t f o r w a r d . T h e a s s u m p -
t ion , howeve r , s eems to be jus t i f ied , t ha t mos t o f t h e m exer ts i ts a c t i on b y v i r t u e o f 
its an t i cho l ine rg ic p o t e n c y . O u r knowledge a b o u t t he role of cho l inerg ic synapses 
in convu ls ive p h e n o m e n a is very scarce . T h e o n l y tha t can be a s s u m e d , is, t ha t a 
b l o c k a g e of the depo l a r i z i ng effect o f ace ty lcho l ine m a y be t he cr i t ical m o m e n t a t 
wh ich t rop ine der iva t ives in te r fe re wi th seizure ac t iv i ty . T h i s m a y be real ized by 
p reven t ing depo la r i za t i on b lock of inh ib i tory n e u r o n e s a n d by dep res s ing the ove ra l l 
exc i tab i l i ty of cor t ica l cells e i ther . T h e lat ter a s s u m p t i o n seems t o be inva l ida ted by 
the f a c t , t ha t t r op ine der iva t ives a r e aga ins t s t r y c h n i n e po t en t i a l s o r t e t r a c o r se izure 
w i t h o u t ef fec t . The i r excel lent p ro t ec t i ve ac t ion aga ins t e l ec t ro shock , h o w e v e r , o n 
anaes the t i zed c a t s a n d w a k i n g ra t s , gives s o m e h o p e t h a t this t y p e o f c o m p o u n d s , 
m a y be a x p e c t e d syn the t i zed , a n d will c o n t r i b u t e effect ively t o t he s t rug le a g a i n s t 
h u m a n epi lepsy. 
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A b s t r a c t 
The effects of polarization was studied on cortical auditory evoked and strychnine potentials. 
Hyperpolarization augmented the acoustic evoked potentials in deep leads, depolarization depressed 
them. Polarization resulted on strychnine potentials in changes of proportions of different phases 
without altering the peak-to-peak amplitude. The authors assume, that modifications in transmitter 
output from presynaptic endings may play a considerable role in the mechanism of polarizational 
effects. 
T h e m e c h a n i s m o f i n t e r n e u r o n a l t r a n s m i s s i o n o f i m p u l s e s a t t he c h e m i c a l 
s y n a p s e s is in m a n y a s p e c t s u n c l e a r e d , u p t o n o w . T h i s p r o b l e m h a s a r o u s e d a n 
in lens ive in te res t a m o n g m o r p h o l o g i s t s , b i o c h e m i s t s , a n d even phys i c i s t s , l o o . 
T h e i n t e r n e u r o n a l t r a n s m i s s i o n a s a w h o l e c a n be d i v i d e d i n t o f o u r d i s t inc t 
m o m e n t s a s f o l l o w s : i) i n v a s i o n o f t h e p r e s y n a p t i c e n d i n g b y the p r o p a g a t i n g a x o n a l 
sp ike , ii) t h e l i b e r a t i o n o f t r a n s m i t t e r s u b s t a n c e f r o m i t s p l a c e o f s t o r a g e , iii), t h e 
d i f f u s i o n o f t h e t r a n s m i t t e r t h r o u g h the s y n a p t i c g a p t o t h e p o s t s y n a p t i c m e m b r a n e , 
if c o n d u n c t a n c e c h a n g e s o f t h e p o s t s y n a p t i c m e m b r a n e . 
T h e a i m o f o u r w o r k w a s t o s t u d y t h e finer de t a i l s o f t h e s e p rocesses , e spec ia l ly 
t h o s e t a k i n g p l a c e o n t h e p r e s y n a p t i c s ide in c o r t i c a l s y n a p s e s . 
T h e e x p e r i m e n t s w e r e p e r f o r m e d o n t h e a c o u s t i c c o r t e x o f t h e c a t . P r i m a r y 
e v o k e d p o t e n t i a l s w e r e e l ic i ted b y a p p l i c a t i o n o f c l i ck - s t imu l i t o o n e e a r . T h e f r e -
q u e n c y d e p e n d e n c e o f t h e e v o k e d p o t e n t i a l s a n d t h e e f f ec t o f e lec t r ic p o l a r i z a t i o n 
w a s s t u d i e d . O n the bas i s o f t h e d a t a o b t a i n e d in th i s w a y we d r a w c o n c l u s i o n a s t o 
i he q u a n t i t a t i v e a s p e c t s o f t r a n s m i t t e r d y n a m i c s in c o r t i c a l s y n a p s e s . 
M e t h o d s 
The experiments were performed on adult cats of 2,5—3,0 kg weight, anaesthetized by 40 
mg/kg pentobarbital-Na given intraperitoneally. The femoral vein and trachea were cannulated. 
For maintaining the level of anaesthesia 5—10 mg/kg pentobarbital-Na was given additionally. 
The head of the animal was fixed in a stereotaxic instrument (type-Kovách), the skin and the 
muscles of the scalp were removed bilaterally. By use of a dental drill we opened the skull and 
exposed the gyri ectosylvius and suprasylvius on both sides. The dura was cut with fine scissors. 
Warm paraffin oil protected the brain surface from cooling and drying. Bone-bleeding was prevented 
by wax. After surgery the animal remained in rest for 1—2 hours. Body temperature was kept 
constant by an electric heater. 
R e c o r d i n g . 
Acoustically evoked potentials were led off from the primary auditory area, from a depth of 
1500—2000 micra. The recorded site was always at the punctum maximum of these potentials. As a 
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recording electrode we used a steel-needle of 0,3 mm in diameter, isolated up to the tip. The electrode, 
fixed to the holder of the stereotaxic instrument could be moved in three dimensions. Depth measure-
ments were possible with 0,05 mm accuracy. As the introduction of the electrode inevitablv com-
pressed the cortex and falsified depth measurement, the electrode was introduced somewhat deeper 
and the depth wanted was attained during withdrawal. The tip of the electrode remained at the 
depth where deep negative evoked potentials appeared to be maximal. After having inserted the 
electrode at the appropriate depth, 15—20 minutes rest was given for restitution of the cortical 
circulation. A silver wire was attached to the skin of the head as an indifferent electrode. The signals 
to be amplified were led into a DISA two-channel Eiectromyograph with a time constant of 120 
msec. For data storage we used a magnetic tape recorder. 
Stimulation. For evoking primary acoustic potentials we used click stimuli through an ear-
phone applied to the right ear. Clicks were produced by 35 V, 1 msec impulses of a square-wawe 
stimulator. Stimulation was always supramaximal. 
Polarization. We applied polarizing electrodes on the anterior ectosylvian gyri on both sides-
In this way the polarization was transcortical. The polarizing circuit included a battery, a microam-
meter, a potentiometer and a polarity-switch. As polarizing electrodes we used chlorided silver 
plates of 0,6 cm surface area. Thus the current loops traversed the cortex, the underlying white 
matter and the commissural fiber system (Fig. 6). 
The intensity of the polarizing current was adjusted to cause a voltage-gradient of 30 mV/mm 
extracellularly. This voltage-gradient could be maintained in most cases by a current of about 
400 /iA. The contact of the polarizing electrode to the cortex did not disturb the cortical circulation. 
On the polarizing electrode of the left side there were small holes for the recording electrode. When 
the positive electrode was on the recorded side, we regarded it as an anodal or hyperpolarization. 
The polarization started I minute before stimulation and acted till the end of it. After each polariza-
tion period 5 minutes rest followed for restitution from polarizational changes. 
Evaluation of data 
The storage of the signals on magnetic tape enabled us to make amplitude averaging. This 
was done by means of the 512 channel amplitude analyser (KFK1 typ. NTA 512) placed kindlv 
at our disposal by the Dept. of Physiology of the Medical School in Szeged. At every stimulation 
frequency 100 signals were averaged. Channel width was 128 msec at frequencies 1—5, analvsis time 
0.5 sec. At 7— to 10 cps channel width was 64 msec. An X—Y recorder fed from the amplitude 
averager delineated the experimental curves. 
T h e e f f ec t of D C po la r i za t i on on the evoked po ten t i a l s 
T h e p o l a r i z i n g c u r r e n t , w h o s e l o o p s e x t e n d e d b e t w e e n t h e e c t o s y l v i a n gyr i 
o f t h e t w o s ides , r e su l t ed in a v o l t a g e c h a n g e o f 3 0 m V / m m a t 4 0 0 n A c u r r e n t s t r e n g t h . 
T h e ef fec t o f p o l a r i z a t i o n o n the f r e q u e n c y d e p e n d e n c e c u r v e s c a n b e seen in F ig . I . 
T h e d i a g r a m s i n c l u d e t h e r e su l t s o f six e x p e r i m e n t s . A s it is a p p a r e n t in t h i s F i g u r e , 
h y p e r p o l a r i z a t i o n s h i f t s t h e w h o l e f r e q u e n c y d e p e n d e n c e c u r v e t o w a r d h i g h e r a m p l i -
t u d e s ; d e p o l a r i z a t i o n h a s t h e o p p o s i t e e f fec t . In t h e first t w o e x p e r i m e n t s d e p o l a r i -
z a t i o n c a u s e s t h e a p p e a r a n c e o f a n e w inf lex ion p o i n t ; th i s m a y b e t he c o n s e q u e n c e 
o f a s h i f t o f t he u p p e r in f lex ion p o i n t t o w a r d h i g h e r f r e q u e n c i e s . 
In c o u r s e o f t h e e v a l u a t i o n spec ia l a t t e n t i o n w a s p a i d t o t h e q u e s t i o n : h o w t h e 
p o l a r i z a t i o n i n d u c e d c h a n g e s o f t h e f r e q u e n c y d e p e n d e n c e c u r v e s c o u l d b e fitted 
t o t h e c u r v e s c o m p u t e d o n bas i s o f o u r t h e o r y a b o u t t r a n s m i t t e r d y n a m i c s (FEHER, 
HUNYA, 1973). A f u r t h e r q u e s t i o n w a s : wh ich p a r a m e t e r s o f t h e m o d e l c o u l d b e 
m a d e r e s p o n s i b l e f o r c h a n g e s o b s e r v e d d u r i n g p o l a r i z a t i o n . 
T h e b lock d i a g r a m c lea r ly d e m o n s t r a t e s , t h a t t h e p r o p o r t i o n o f t r a n s m i t t e r 
l i b e r a t e d b y o n e i m p u l s e w a s d e c r e a s e d b y d e p o l a r i z a t i o n a n d i n c r e a s e d by h y p e r -
p o l a r i z a t i o n . T h e ex t en t o f t h e s e c h a n g e s c o u l d b e e s t i m a t e d q u i t e a c c u r a t e l y b y 
a n a l y s i n g t h e f r e q u e n c y - d e p e n d e n c e c u r v e s . T h i s s h o w s a g o o d a g r e e m e n t w i t h 
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Fig. / . Effect of polarization on the amplitude of evoked potentials. The diagrams represent the 
results of six experiments. Ordinates: amplitudes in uV. Abscisses: stimulation frequencies 
on logarithmic scale. Broken lines: control series, continuous lines: frequency dependences 
curves taken during hyperpolarization, dashed lines: the same during depolarization. Pola-
rizing current intensity was 400 uA in each case. 
c o n c l u s i o n s d r a w n f r o m e x p e r i m e n t s o n m u s c l e s ; a c c o r d i n g t o t he se , t h e a m p l i t u d e 
o f t h e s p i k e p o t e n t i a l is t h e m a i n f a c t o r d e t e r m i n i n g t h e l i b e r a t e d t r a n s m i t t e r q u a n t i t i e s 
f r o m s y n a p t i c e n d i n g s . O n e p a r a m e t e r o f o u r m o d e l (FEHER, HUNYA, 1972) ref lec ts 
t he p r o p o r t i o n o f t r a n s m i t t e r l i be r a t ed by o n e i m p u l s e q u i t e a c c u r a t e l y a n d t h e r e f o r e 
c o n c l u s i o n s c a n b e d r a w n f r o m c h a n g e s o f f r e q u e n c y d e p e n d e n c e c u r v e s a s t o t h e 
m e c h a n i s m o f a c t i o n o f a n y f a c t o r a c t i n g u p o n t r a n s m i t t e r d y n a m i c s . U n f o r t u n a t e l y 
it is n o t e a s y t o j u d g e w h i c h o n e o f t h e f a c t o r s c a n b e m a d e r e s p o n s i b l e f o r c h a n g e s 
in t r a n s m i t t e r p r o p o r t i o n s l i b e r a t e d b y o n e i m p u l s e : t h e d u r a t i o n o f a c t i o n p o t e n t i a l s 
o r m o d i f i c a t i o n o f p e r m e a b i l i t y o f t h e p r e s y n a p t i c e n d i n g s . P r e s u m a b l y , t h e f o r m er 
m o r e c o n s t a n t a n d t h u s p e r m e a b i l i t y c h a n g e s lead m o r e l ikely t o c h a n g e s in t r a n s -
m i t t e r o u t p u t . 
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A s it w a s m e n t i o n e d a b o v e , in e x p e r i m e n t s w i t h p o l a r i z a t i o n t h e u p p e r i n f l e x i o n 
p o i n t o n t h e f r e q u e n c y d e p e n d e n c e c u r v e c o u l d n o t b e f o u n d . I t s s i t u a t i o n o n t h e 
c u r v e is i n f l u e n c e d b y t r a n s m i t t e r syn thes i s . N o d a t a a r e , h o w e v e r , a v a i l a b l e s o f a r 
a c c o r d i n g t o w h i c h p o l a r i z a t i o n w o u l d exer t a n y ef fec t u p o n t h i s p r o c e s s . T h u s , t h e 
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Fig. 2. The evaluation of five experiments illustrated in Fig. 1. Ordinate: The percentual proportion 
of the transmitter store, liberated by one impulse. Designations of blocks: K : control, 
D : Depolarization. H: hyperpolarization. 
T h e e f f ec t of po la r i za t ion on s t rychn ine p o t e n t i a l s 
S t r y c h n i n e p o t e n t i a l s w e r e e v o k e d by a p p l y i n g 1 p e r c e n t s t r y c h n i n e s o l u t i o n 
o n t h e c o r t e x b y a 2 X 2 m m filter p a p e r s o a k e d in i t . A s t h e s i t e o f o r i g i n o f s t r y c h n i n e 
p o t e n t i a l s lies in t h e supe r f i c i a l l aye r s , we e x a m i n e d t h e e f f ec t s o f p o l a r i z a t i o n in 
s u r f a c e l eads . T h e s t r y c h n i n e p o t e n t i a l s f o l l o w s t i m u l a t i o n f r e q u e n c i e s o v e r 3 c p s 
r a t h e r p o o r l y . T h e r e f o r e , t h e i r f r e q u e n c y d e p e n d e n c e c o u l d n o t be e x a m i n e d . T h e 
lack o f t h e s e c u r v e s a s t o t h e s t r y c h n i n e p o t e n t i a l s d i d n o t p r o v e t o b e d i s a d v a n t a g e o u s 
b e c a u s e p o l a r i z a t i o n f a i l ed t o exe r t a n y ef fec t o n t h e m a t 1 a n d 2 c p s in s u r f a c e 
l e a d s . T h i s is i l l u s t r a t ed in F i g . 3 b y s y n c h r o n i z e d r e c o r d s in c o n t r o l s i t u a t i o n , a t 
h y p e r - a n d d e p o l a r i z a t i o n , r e spec t ive ly . 
O u r findings in d e e p l e a d s w e r e s e e m i n g l y c o n t r a r y ( F i g . 4) . T h e s t r y c h n i n e 
p o t e n t i a l s e x h i b i t i n g a n e g a t i v e - p o s i t i v e - n e g a t i v e s e q u e n c e in d e p t h r e c o r d s , u n d e r -
w e n t c h a r a c t e r i s t i c c h a n g e s d u r i n g p o l a r i z a t i o n ; d e p o l a r i z a t i o n e n h a n c e d t h e i r 
n e g a t i v e p h a s e wh i l e t h e p o s i t i v e w a v e d e c r e a s e d o r d i s a p p e a r e d c o m p l e t e l y . H y p e r -
p o l a r i z a t i o n , o n t h e c o n t r a r y , d e p r e s s e d t h e n e g a t i v e p h a s e a n d e n h a n c e d t h e d e e p 
pos i t i ve w a v e s . T h e p e a k - t o - p e a k a m p l i t u d e , r e m a i n e d , h o w e v e r , u n c h a n g e d . T h e 
e f f ec t o f p o l a r i z i n g c u r r e n t c o n s i s t e d in a s h i f t o f t h e D C - l e v e l a n d t h e s t r y c h n i n e 
p o t e n t i a l s a p p e a r i n g o n d i f f e r e n t b a c k g r o u n d p o t e n t i a l level s h o w e d v a r i a t i o n s o n l y 
in p r o p o r t i o n s o f t h e i r pos i t i ve a n d n e g a t i v e p h a s e s . D e p o l a r i z a t i o n e m p h a s i z e d 
the i r n e g a t i v e , h y p e r p o l a r i z a t i o n a u g m e n t e d t h e i r p o s i t i v e c o m p o n e n t s . 
A s i m i l a r p h e n o m e n o n c o u l d b e o b s e r v e d a l s o a t t h e e v o k e d p o t e n t i a l s , b u t it 
w a s j o i n t a l w a y s w i t h c h a n g e s o f t h e p e a k - t o - p e a k a m p l i t u d e d e s c r i b e d a b o v e . 
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Fig. .?. Effect of polarization on strychnine potentials in surface leads. Ten superimposed traces 
photographed from the screen of an oscilloscope. Negativity upwards. Calibration: I mV 
and 10 msec. K: control. H: hypcrpolarization, D: depolarization. 
A n a l y s i n g the e f f ec t s o f t h e p o l a r i z i n g c u r r e n t o n c o r t i c a l s t r u c t u r e s , t h e first 
q u e s t i o n , t h a t a r i ses c o n c e r n s the i r exp l i cab i l i t y in t e r m s o f t h e e l e c t r o t o n e o b s e r v e d 
o n p e r i p h e r a l ne rves . A s it is well k n o w n , t h e m e m b r a n e p o t e n t i a l o f p e r i p h e r a l 
nerves d e c r e a s e s in c a t e l e c t r o t o n e w i t h a c o n c o m i t a n t i n c r e a s e in exc i t ab i l i t y a n d 
c o n d u c t i v i t y . A n e l e c t r o t o n e c a u s e s c h a n g e s o f o p p o s i t e s ign. 
N o d o u b t , t h e c o r t i c a l p o l a r i z a t i o n p h e n o m e n a s h o w r e m a r k a b l e s imi l a r i t i e s 
t o t h o s e o b s e r v e d in p e r i p h e r a l e l e c t r o t o n e . T h e c o n d i t i o n s u n d e r w h i c h the p o l a r i z i n g 
c u r r e n t a c t s a r e , h o w e v e r , d i f f e r en t in m a n y r e spec t s in t he t w o s t r u c t u r e s , i) T h e 
p o l a r i z i n g c u r r e n t t r a v e r s i n g t h e c o r t i c a l t i s sue m a k e s i ts w a y t h r o u g h the i n t e r c e l l u l a r 
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Fie 4 Effect of polarization on strychnine potentials lead off f rom a depth of 1500 u. K : control, 
D: depolarization, H: hyperpolarization. Although peak-to-peak values do not vary signi-
ficantly, deep negative phase is augmented during hyperpolarization. and deep positive 
phase changes in the same direction during depolarization. 
s p a c e a n d t h u s t h e c u r r e n t i n t ens i t y e n t e r i n g t h e n e u r a l e l e m e n t s is r a t h e r low. i i) In 
t h e c e r e b r a l c o r t e x o n e m u s t r e c k o n n o t o n l y w i t h e f f ec t s o n c o n d u c t i v i t y b u t a l s o 
w i t h t h o s e d i r e c t e d t o t r a n s m i s s i o n o f i m p u l s e s , iii) In p e r i p h e r a l n e r v e s p r o p a g a t e d 
s p i k e s o f " a l l , o r n o t h i n g " t y p e se rve a s i n d i c a t o r s f o r p o l a r i z a t i o n a l e f f e c t s ; in t h e 
c e r e b r a l c o r t e x e v o k e d p o t e n t i a l s , c o m p o s e d o f P S P - s w e r e s u b j e c t e d t o e x a m i n a t i o n . 
In t h e f o l l o w i n g d i s c u s s i o n w e m a k e a n a t t e m p t t o e x p l a i n t h e m e c h a n i s m o f 
t h e p o l a r i z a t i o n a l c h a n g e s a n d t o a n s w e r t h e q u e s t i o n : t o w h a t e x t e n t t h e y c a n b e 
a t t r i b u t e d t o s h i f t s o f m e m b r a n e p o t e n t i a l a n d t o w h a t e x t e n t o n e h a s t o t a k e i n t o 
a c c o u n t a c t i o n s e x e r t e d o n i n t e r n e u r o n a l t r a n s m i s s i o n . 
O u r a n a l y s i s s t a r t s f r o m t h e e lec t r ic m e m b r a n e m o d e l c o n s t r u c t e d o n t h e b a s i s 
o f t h e c a b l e t h e o r y a n d d e s c r i b e d in de ta i l b y COLE (1968) . 
T H E E F F E C T O F P O L A R I Z A T I O N I N T H E C A T 1 3 3 
T h e phys ica l s y s t e m m o d e l l i n g t h e ne rve m e m b r a n e is i l l u s t r a t e d in F i g u r e 5. 
In th i s R ? r e p r e s e n t s t h e r e s i s t a n c e o f t h e e x t e r n a l m e d i u m o f un i t l eng th ( 2 0 0 O h m 
c m ) ; R , is t h e r e s i s t a n c e o f t h e i n t e r n a l m e d i u m o f un i t l eng th ( 6 0 O h m c m ) ; R m 
is t h e r e s i s t a n c e o f t h e m e m b r a n e o f un i t a r e a ( 2 0 0 0 O h m c m 2 ) ; Ia r e p r e s e n t s t h e 
c u r r e n t f l o w i n g in t h e e x t e r n a l m e d i u m , I , : t h e c u r r e n t flowing w i t h i n t h e n e r v e 
fiber; I m is t h e m e m b r a n e c u r r e n t . ( T h e e l ec t r i c p a r a m e t e r s w e r e t a k e n f r o m A i d l e y : 
| U 






Fig. 5. The electric model of nerve cell membrane, simplified for stationary DC relations. Explana-
tions see in the text. 
" T h e p h y s i o l o g y o f e x c i t a b l e ce l l s " . ) T h e e q u a t i o n s d e s c r i b i n g the r e spec t ive v o l t a g e s 
a p p e a r i n g o n t h e o u t e r a n d i n n e r m e m b r a n e s u r f a c e s a r e a c c o r d i n g t o B e i e r : 
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T h e d i f f e r e n c e U a — U | r e p r e s e n t s t h e m e m b r a n e p o t e n t i a l c h a n g e d u r i n g p o l a -
r i z a t i o n f r o m a b a t t e r y o f v o l t a g e U . K is a c o n s t a n t d e p e n d i n g o n t h e s h a p e ' o f t h e 
e l e c t r o d e s . /. is t h e l eng th c o n s t a n t a n d e q u a l s , k = ] / R m . x is t h e d i s t a n c e o f 
, . , . 1 «a + rtj 
t he n e r v e p o r t i o n u n d e r e x a m i n a t i o n f r o m t h e m i d d l e o f t h e i n t r a p o l a r z o n e . T h e 
va l id i ty o f t h e e q u a t i o n s is r e s t r i c t e d t o s t a t i o n a r y D C p o t e n t i a l s . 
T h e p h y s i c a l r e l a t i o n s d e s c r i b e d a b o v e a r e rea l ized a m o n g t h e spec ia l c o n d i t i o n s 
o f t h e c a t ' s c e r e b r a l c o r t e x a s f o l l o w s ( F i g . 6a ) . 
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calculations of changes in membrane pontetial. 
T h e t w o p o l a r i z i n g e l e c t r o d e s w e r e s i t u a t e d o n the e c t o s y l v i a n gyr i o f b o t h 
s ides . T h e i r s h o r t e s t d i s t a n c e w a s 6 c m , f r o m e a c h o t h e r a n d 3 c m f r o m t h e m e d i a l 
g e n i c u l a t e b o d y o f t h e s a m e s ide . T h e g e n i c u l o c o r t i c a l p a t h w a y fel l p r e s u m a b l y a t 
least in 1 c m l eng th i n t o t h e p a t h o f t h e p o l a r i z i n g c u r r e n t . 
A s t o t h e g e o m e t r i c p a r a m e t e r s o f t h e ve r t i ca l ly o r i e n t e d ce l l s ( p y r a m i d a l 
n e u r o n e s o f d i f f e r e n t l aye rs ) t h e f o l l o w i n g a s s u m p t i o n s w e r e m a d e (F ig . 6 b ) . 
T h e h y p o t h e t i c p y r a m i d a l n e u r o n e is s i t u a t e d in I m m d e p t h ; i ts a p i c a l d e n d r i t e 
r e a c h e s t h e c o r t i c a l s u r f a c e a n d m a k e s a n a r b o r i z a t i o n pa ra l l e l w i t h it. T h e r a d i u s 
o f t h e d e n d r i t e is 3 n a t i ts o r ig in w h i l e a t t h e final b r a n c h e s 0 ,1 n . T h e t h a l a m o c o r -
t ical a x o n r u n s a b o u t I c m p a r a l l e l w i t h t h e c u r r e n t l o o p s . I ts r a d i u s d i m i n u t e s 
g r a d u a l l y f r o m 5 n t o 0 ,1 |i a t t h e t e r m i n a l b r a n c h i n g . I ts t e r m i n a l a r b o r i z a t i o n w a s 
s u p p o s e d a t t h e final p o r t i o n 100 |i in l eng th . T h e s o m a w a s r e g a r d e d a s a c o n e o f 
100 n he igh t w i t h a l o w e r d i a m e t e r o f 3 0 n a n d a n u p p e r o n e o f 6 (.i. T h e l o n g i t u d i n a l 
ax i s o f t h e s o m a w a s a s s u m e d t o b e pa ra l l e l w i t h t h e d i r e c t i o n o f c u r r e n t . 
By m a k i n g u s e o f t h e e q u a t i o n s ( I ) a n d (2 ) a t d i f f e r e n t s i t es o f t h e p y r a m i d a l 
cel l a n d a t t h e t h a l a m o c o r t i c a l e n d i n g s , t he f o l l o w i n g m e m b r a n e p o t e n t i a l c h a n g e s 
w e r e c a l c u l a t e d a t a n e x t r a c e l l u l a r p o t e n t i a l g r a d i e n t o f 3 0 m V / m m . 
a t t e r m i n a l b r a n c h i n g o f a p i c a l d e n d r i t e s ± 6 , 7 m V ; 
a t t e r m i n a l b r a n c h i n g o f t h a l a m i c a f f e r e n t s ± 16,0 m V ; 
a t t h e s o m a o f p y r a m i d a l n e u r o n e s ± 2 0 , 0 m V . 
T h e b i a s o f m e m b r a n e p o t e n t i a l c h a n g e s l i s ted a b o v e is n e g a t i v e a t d e p o l a r i z i n g 
a n d pos i t i ve a t h y p e r p o l a r i z i n g c u r r e n t s . B e c a u s e o f t h e c o m p l i c a t e d g e o m e t r y o f 
t h e b a s a l d e n d r i t e s , t h e a s s u m p t i o n s m a d e f o r t h e s o m a r e g i o n c o u l d o n l y b e a p p r o x i -
m a t e . A s it t u r n e d o u t o f t h e c a l c u l a t i o n s , t h e p o l a r i z a t i o n c h a n g e s d e p e n d e d m a i n l y 
o n t h e l eng th o f t he ne rve p o r t i o n para l le l t o t h e c u r r e n t flow, b u t t h e d i a m e t e r o f 
t h e n e r v e fibres p l ays a c o n s i d e r a b l e ro le a s wel l . 
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Cons ide r ing the m a i n resul ts o f o u r e x p e r i m e n t s several o b s e r v a t i o n s deserve 
special a t t en t i on a n d d i scuss ion . 
It was n o t e w o r t h y tha t s t r y c h n i n e po t en t i a l s d id no t u n d e r g o in s u r f a c e leads 
a n y c h a n g e d u r i n g po l a r i za t i on a s r ega rds the i r a m p l i t u d e , o r in p r o p o r t i o n s o f the i r 
c o m p o n e n t waves, e i ther . In d e e p leads, howeve r , h y p e r p o l a r i z a t i o n e n h a n c e d the 
deep posi t ive a n d d e p o l a r i z a t i o n t he d e e p nega t ive waves , w i t h o u t a l te r ing t he 
peak - to -peak a m p l i t u d e . T h e s e seemingly c o n t r a r y findings migh t h a v e been resul ted 
by d i f fe ren t c o n d i t i o n s f o r e lectr ic c o n d u c t i o n . 
In t he neurop i l e o f the superf ic ia l layers cons i s t ing o f very fine dendr i t i c b r a n c h -
ing o n e has to r e c k o n wi th t he h igh in te rna l res is tance of t he a x o p l a s m . T h e r e f o r e 
the po la r iz ing c u r r e n t in tens i ty a n d the vo l tage g rad ien t ac ross t he m e m b r a n e r ema ined 
relatively low. In an ap ica l d e n d r i t e 1 m m length of which fa l l s in t he d i rec t ion 
of t he po la r iz ing c u r r e n t , t he po l a r i za t i on vo l tage g rad i en t w a s ca lcu la ted t o be 
a b o u t 6,7 mV. Its effect o n t he a m p l i t u d e a n d p h a s e re la t ions o f the s u r f a c e p h e n o -
m e n a cou ld on ly be m o d e r a t e . 
T h e o b v i o u s c h a n g e s of p h a s e re la t ions in deep leads resul t ing f r o m po la r i za t i ona l 
effects m a y be exp la ined by the mod i f i ca t ions o f the m e m b r a n e po ten t i a l in t he 
s o m a a n d basal dendr i t e s . T h e h y p e r p o l a r i z a t i o n of the s o m a a n d the basa l d e n d r i t e s 
will a u g m e n t t he E P S P - s , whi le d e p o l a r i z a t i o n shou ld ac t in t h e o p p o s i t e d i r ec t ion . 
T h i s seems t o be valid a l so f o r h y p e r p o l a r i z a t i o n s ar is ing f r o m real su r f ace d e p o l a r -
iza t ions by m e a n s o f c u r r e n t s ca r r i ed by the v o l u m e c o n d u c t o r o f t he co r t ex . T h e 
su r f ace negat ive sp ike of t he s t r y c h n i n e po ten t ia l is c o r r e s p o n d e d by a deep posi t ive 
wave ; this l a t t e r is s u p p r e s s e d by h y p e r p o l a r i z a t i o n , because o f t he e leva t ion o f t he 
m e m b r a n e po ten t ia l . 
T h e ques t ion m a y n o w be ra i sed , w h e t h e r po la r i za t iona l ef fec ts o n t h a l a m o c o r t i -
cal fibers ac ted u p o n l ibera t ion of t r an smi t t e r s as it was s h o w n by ECCLES a n d coll . 
(1962) in spinal c o r d , by HUBBARD (1962a, b) a t t he n e u r o m u s c u l a r j u n c t i o n . A n y 
s ignif icant c h a n g e in a m p l i t u d e o f s t r y c h n i n e po ten t i a l s cou ld no t be seen d u r i n g 
po la r i za t ion . In exp la in ing th is , we a s s u m e , that t he e n o r m o u s i r r ad ia t ion o f exci-
ta t ion represen ted by the s t r y c h n i n e po ten t i a l s t akes its origin f r o m a widesp read 
exc i ta t ion of the superf ic ial d e n d r i t i c m a s s a n d a great n u m b e r o f s h o r t - a x o n in ter -
n e u r o n e s which a r e in f luenced relatively weak ly by the po la r i z ing c u r r e n t . Based 
o n e q u a t i o n s (1) a n d (2) o n e c a n ca lcu la te , t ha t a po la r iz ing c u r r e n t o f 400 | iA causes 
a m e m b r a n e po ten t ia l c h a n g e o f o n l y 0 ,5 m V in an a x o n , hav ing a d i a m e t e r of 5 n 
T h e po la r i za t iona l c h a n g e s o f t he e v o k e d po ten t i a l s a r e of qu i t e d i f fe ren t or ig in . 
The i r mos t s ignif icant f ea tu re is a c h a n g e in peak- to -peak a m p l i t u d e . H y p e r p o l a r -
izat ion causes a n increase in a m p l i t u d e wi thou t a l te r ing t he p r o p o r t i o n s o f t he 
nega t ive a n d posi t ive phases . D e p o l a r i z a t i o n ac t s in the o p p o s i t e sense. T h e s e m o d i -
fications m a y find their e x p l a n a t i o n in var ia t ions of t r a n s m i t t e r release f r o m the 
t h a l a m o c o r t i c a l endings . Th i s la t te r a s s u m p t i o n was based on the ana lys i s o f the 
f r e q u e n c y d e p e n d e n c e cu rves o b t a i n e d expe r imen ta l ly a n d by m e a n s o f c o m p u t e r 
ca lcu la t ions . A c c o r d i n g t o e q u a t i o n s ( I ) a n d (2) a g e m u c u l o c o r t i c a l a f fe ren t fiber 
suffers a m e m b r a n e po ten t ia l c h a n g e of 16,0 mV, if it h a s a p o r t i o n o f a t least I c m 
in length prallel wi th t he po l a r i z ing c u r r e n t . A s s u m i n g that m e m b r a n e po ten t i a l 
changes inf luence t he t r a n s m i t t e r o u t p u t a t a b o u t t he s a m e ex t en t a s they d o a t 
per iphera l t e rmina l s , a h y p e r p o l a r i z a t i o n of 16,0 m V m a y be ab le t o t reble t r a n s m i t t e r 
release. P r e s u m a b l y , depo la r i za t i on is as effective in t he o p p o s i t e d i rec t ion . A s 
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m e a s u r e m e n t s c o n c e r n i n g the effect of po la r iz ing c u r r e n t u p o n t r a n s m i t t e r release 
in t he c o r t e x a r e lacking , we q u o t e d a t a of HUBBARD (1962a) , a b o u t t he c o r r e l a t i o n 
be tween the a m p l i t u d e o f p o t s y n a p t i c E P S P - s a n d the m e m b r a n e p o t e n t i a l of her 
p r e s y n a p t i c f ibres caus ing t h e m t o a p p e a r . T h e c h a n g e in t r a n s m i t t e r o u t p u t c ta l 
c u l a t e d by use of t he mode l f inds its e x p l a n a t i o n , a t least qua l i t a ty t ive ly , in t he p r e s u -
med m o d i f i c a t i o n s of t he p r e synap t i c m e m b r a n e po ten t i a l . 
T h e next ques t ion , t ha t m a y be ra i sed , c o n c e r n s t he lack o f c h a n g e s in t h e 
p r o p o r t i o n of t he nega t ive a n d posi t ive p h a s e o f t he e v o k e d po ten t i a l s de sp i t e t h e 
c o n s i d e r a b l e in f luence of t he po la r i z ing c u r r e n t o n t he s o m a a n d basa l d e n d r i t e s . 
A s it was m e n t i o n e d ear l ier , an effect of th i s t y p e w a s o b s e r v e d at 1 c p s f r e q u e n c y 
b u t n o t at h ighe r ones , p r o d u c i n g e v o k e d po t en t i a l s o f sma l l e r a m p l i t u d e . T h e r e a s o n 
f o r this seems t o be , t ha t m e m b r a n e po ten t ia l c h a n g e s affect l a rge e v o k e d p o t e n t i a l s 
at a g r e a t e r ex t en t t h a n the sma l l e r ones . As a n e x a m p l e f o r th is , s t r y c h n i n e p o t e n t i a l s 
can be q u o t e d , which represent near ly m a x i m a l d e p o l a r i z a t i o n o f t he n e u r o n a l 
m e m b r a n e . 
T h e f u n d a m e n t a l d a t a r egard ing the effect o f D C po la r i za t i on u p o n n e r v e 
e n d i n g s have c o m e f r o m expe r imen t s o n t he n e u r o m u s c u l a r j u n c t i o n . O n a relat ively 
s imple f r o g nerve-musc le p r e p a r a t e del CASTILLO a n d KATZ (1954) f o u n d , t ha t by 
a p p l y i n g c u r r e n t o n the m o t o r a x o n , c o n s i d e r a b l e c h a n g e s occu r r ed on the m i n i a t u r e 
e n d p l a t e po t en t i a l s a n d on t hose elicited by m o t o r a x o n s t i m u l a t i o n . C a t h o d a l 
po l a r i za t i on c a u s e d a n increase in t he a m p l i t u d e o f t he m i n i a t u r e E P P ' s , whi le 
a n o d a l p o l a r i z a t i o n r ema ined ineffect ive. In these cases e l ec t ro ton ic c h a n g e s d id 
no t e x t e n d t o t he p o s t s y n a p t i c side. E P P ' s elicited by m o t o r a x o n s t i m u l a t i o n were 
a u g m e n t e d d u r i n g a n o d a l po l a r i za t i on . 
T h e effect of repet i t ive s y n a p t i c s t i m u l a t i o n o n t h e E P S P - s of sp ina l m o t o r 
n e u r o n s was s tud ied by CURTIS a n d ECCLES (1960). T h e y p r e s u m e d , tha t t he E P S P 
a m p l i t u d e s a r e p r o p o r t i o n a l to t he t r a n s m i t t e r a c t i on e v o k i n g t h e m . In t he i r o p i n i o n , 
a m o t o r volley in i t ia tes t w o processes in the j u n c t i o n a l a p p a r a t u s : i) a n e n h a n c e m e n t 
of 200 msec in d u r a t i o n a n d ii) a s u b s e q u e n t dep re s s ion wh ich m a y last f o r s e c o n d s . 
By a p p l y i n g repe t i t ive s t imul i a c o n s t a n t level o f E P S P a m p l i t u d e cou ld be a t t a ine l 
which , u sua ly , is be low the n o r m a l one . If t he s t i m u l u s f r e q u e n c y w a s be tween 4 
a n d 20 cps , t he depress ion b e c a m e m o r e intensive by 0 ,3 sec a f t e r t he b e g i n n i n g o f 
s t i m u l a t i o n a n d the E P S P a m p l i t u d e s decreased t o 7 0 — 8 0 pe rcen t o f t he ini t ia l 
value. A t h igher f r equenc ie s a p o t e n t i a t i o n a p p e a r e d tha t r eached its m a x i m u m 
be tween 30 a n d 100 cps . Th i s p o i n t s to t he f a c t , t ha t t he c h a r g e o f t he t r a n s m i t t e r 
s to re is no t o f c o n s t a n t intensi ty a n d d e p e n d s o n the s t i m u l a t i o n f r e q u e n c y . T h i s 
is c o n t r a r y to t he findings o f ZABLOCKA—ESPLIN (1972). A g o o d c o r r e l a t i o n w a s 
f o u n d be tween the a m p l i t u d e of the second E P S P in a series a n d the a v e r a g e a m p l i t u d e 
o f t he s a m e series. T h i s fits well with o u r exper iences . A t very h igh f r e q u e n c i e s , t he 
E P S P a m p l i t u d e decreases progressively a n d ove r 2 5 0 cps , b e c o m e s inversely p r o -
p o r t i o n a l to t he t ime s epa ra t i ng t he impulses . T h i s m e a n s t h a t t he t r a n s m i t t e r o u t -
pu t had a t t a i n e d its m a x i m a l ra te . F o r this a n d o t h e r p h e n o m e n a , no t r e p o r t e d 
here , f o u r bas ic m e c h a n i s m s can be held r e spons ib l e : i) a pa r t i a l b l o c k a g e o f t he 
p r e synap t i c volley n e a r to the final a x o n b r a n c h i n g s , ii) h y p e r p o l a r i z a t i o n w i t h 
consecu t ive a u g m e n t a t i o n of t he sp ike po ten t i a l , iii) m o d i f i c a t i o n s o f t he t r a n s m i t t e r 
o u t p u t f r o m p re synap t i c end ings a n d iv) c h a n g e s in sensi t ivi ty of t he p o s t s y n a p t i c 
m e m b r a n e aga ins t t he t r ansmi t t e r subs tances . Possibi l i t ies listed u n d e r i) a n d iv), 
cou ld be exc luded by a p p r o p r i a t e con t ro l expe r imen t s . T h u s al l p h e n o m e n a o f faci l i-
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l a t i on a n d d e p r e s s i o n c o u l d b e a s c r i b e d t o respec t ive c h a n g e s o f t h e p r e s y n a p t i c 
sp ike a n d t r a n s m i t t e r o u t p u t . T h e e f fec t s o f p o l a r i z a t i o n o n t h e E P S P ' s o f r a t s 
p h r e n i c d i a p h r a g m p r e p a r a t i o n w e r e s t u d i e d by HUBBARD a n d WILLIS (1962). 
D u r i n g h y p e r p o l a r i z a t i o n t h e E P S P - a m p l i t u d e s r o s e to n i n e f o l d , whi le d e p o l a r i z a t i o n 
resu l ted in a c o n s i d e r a b l e dec rease . In e x p l a i n i n g t he se p h e n o m e n a t hey t ook i n t o 
a c c o u n t m a i n l y t h e v a r i a t i o n s o f t h e t r a n s m i t t e r o u t p u t . In a n o t h e r ser ies o f ex-
p e r i m e n t s HUBBARD a n d SCHMIDT (1963) c o n f i r m i n g t he i r ea r l i e r resu l t s , o b s e r v e d 
tha t r h y t h m i c s t i m u l a t i o n e n h a n c e d p r e s y n a p t i c s p i k e a m p l i t u d e c o n s i d e r a b l y a n d 
the he igh t s o f t h e p o s t s y n a p t i c p o t e n t i a l s s e e m e d t o d e p e n d o n t h e m in a l o g a r i t h -
mic m a n n e r . In c a s e o f p a i r e d s t i m u l i , t h e s e c o n d E P P p r o v e d t o b e h ighe r . T h e 
m e c h a n i s m of t h e p o t e n t i a t i n g a c t i o n h a d to b e s o u g h t in a d i f f e ren t w a y , b e c a u s e 
the s e c o n d p r e s y n a p t i c sp ike w a s u sua l l y sma l l e r in t he se cases . 
O u r spec i f ic field o f in te res t is m o r e d i r ec t ly c o n c e r n e d by t h e ex tens ive l i t e r a tu re 
d e a l i n g w i t h m o d i f i c a t i o n s o f t h e e v o k e d p o t e n t i a l s d u r i n g the p a s s a g e o f p o l a r i z i n g 
c u r r e n t s . In th is p l a c e o n l y d a t a o f i m m e d i a t e i m p o r t a n c e will b e c i t ed . BISHOP a n d 
O'LEARY (1950) h a s desc r ibed essent ia l ly the s a m e e f fec t s o f p o l a r i z a t i o n o n the 
ce r eb ra l c o r t e x a s w e d i d . In e x p l a i n i n g the i r e x p e r i m e n t a l findings t hey t a k e i n t o 
a c c o u n t o n l y p o s t s y n a p t i c p rocesses a n d neglect p r e s y n a p t i c o n e s at a l l . A c c o r d i n g 
to t h e m , d i f f e r en t p h a s e s of t h e e v o k e d p o t e n t i a l s c a n b e d e d u c e d f r o m ac t iv i ty 
o f d i f f e r en t cell g r o u p s . T h e i r i n t e r p r e t a t i o n h o w e v e r d o e s n o t r e c k o n w i t h t h e 
effect o f t h e v o l u m e c o n d u c t o r o f t h e ce r eb ra l t issue. T h e e f fec t s o f p o l a r i z a t i o n o n 
co r t i ca l r e s p o n s e s p r o d u c e d by ep i co r t i ca l s t i m u l a t i o n w e r e s u b j e c t e d t o inves t iga t ion 
by CASPERS ( I960) . In his e x p e r i m e n t s a n o d a l p o l a r i z a t i o n e n h a n c e d d e n d r i t i c 
p o t e n t i a l s n e g a t i v e in s i g n ; c a t h o d a l c u r r e n t d e p r e s s e d a n d , l a te r , i nve r t ed t h e m . 
In te res t ing ly , t h e a c t i o n s o f G A B A were c o u n t e r a c t e d by h y p e r p o l a r i z a t i o n , w h i l e 
d e p o l a r i z i n g c u r r e n t s p r o v e d to b e synerg is t ic . C o n s i d e r i n g t h a t t h e m o d e o f p r o -
v o k i n g s u r f a c e d e n d r i t i c p o t e n t i a l s w a s qu i t e d i f f e ren t f r o m t h a t a p p l i e d by us , 
ana log i e s c a n be d r a w n only w i t h c a u t i o n . It s eems t o b e s u r e , t h a t t h e c u r r e n t 
in tens i t ies used by CASPERS ( I 9 6 0 ) were h igh e n o u g h t o c a u s e m e m b r a n e p o t e n t i a l 
c h a n g e s in t h e super f i c i a l d e n d r i t i c m a s s , t o o . 
Bas ing on ea r l i e r w o r k s o f RUSINOW MORREL ( 1 9 6 1 ) h a s s h o w n t h a t s u r f a c e 
a n o d a l p o l a r i z a t i o n fac i l i t a ted t h e d i s c h a r g e s o f c o r t i c a l n e u r o n e s r e c o r d e d i n t r a -
ce l lu la r ly by mic roe l ec t rodes . A n o t h e r h igh ly i m p o r t a n t o b s e r v a t i o n w a s in his 
e x p e r i m e n t s , t h a t co r t i ca l n e u r o n e s r e t a ined the i r n e w l y acqu i s i t ed c o n d i t i o n a l -
c o n n e c t i o n s b e t t e r , if t hey s t o o d u n d e r t h e effect o f h y p e r p o l a r i z i n g c u r r e n t a t t h e 
t ime o f t h e c o n d i t i o n i n g p r o c e d u r e . O n c o n d i t i o n a l s t imul i t h e y e x h i b i t e d pos i t ive 
r e s p o n s e s a t t imes , w h e n o t h e r ce l l s fa i l ed to r e s p o n d a t a l l . 
HERN a n d col l . (1962) o b s e r v e d , t h a t the e lec t r ic t h r e s h o l d o f t h e m o t o r c o r t e x 
w a s m u c h lower t o a n o d a l s t imu l i , t h a n t o c a t h o d a l o n e s . T h e y a s s u m e , t h a t a n o d a l 
s t imul i exci te p y r a m i d a l cel ls d i r ec t l y , t h e c a t h o d a l i m p u l s e s d o it o n l y in in t n r a s -
p r e s y n a p t i c way . A c c o r d i n g to LIPPOLD a n d col l . (1962) a h y p e r p o l a r i z a t i o n app l i ed 
to t h e s o m a t o - s e n s o r y co r t ex a u g m e n t e d t h e pos i t ive p h a s e o f t h e e v o k e d p o t e n t i a l 
a n d e n h a n c e d t h e un i t d i s cha rges c o i n c i d i n g w i t h it. D e p o l a r i z a t i o n ac ted in t h e 
o p p o s i t e sense . T h e p o l a r i z a t i o n a l a f t e r - e f f e c t s las ted a b o u t 2 0 m i n u t e s . DENNEY a n d 
BROOKHART (1962) sub jec ted r ec ru i t i ng a n d a u g m e n t i n g r e s p o n s e s t o p o l a r i z i o n 
c u r r e n t s o f 2 5 0 — 1 0 0 0 n A a n d 2 0 0 — 3 0 0 n A in tens i ty . T h e i r l eads w e r e m a d e f r o m 
the s u r f a c e . H y p e r p o l a r i z a t i o n e n h a n c e d m a i n l y t h e s u r f a c e n e g a t i v e waves , d e p o l a r -
iza t ion d e p r e s s e d t h e m . A c c o r d i n g t o the i r i n t e r p r e t a t i o n , t h e p o l a r i z a t i o n a l c h a n g e s 
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ment ioned a b o v e a r e d u e to m e m b r a n e po ten t ia l c h a n g e s o f neura l e l e m e n t s p r o -
d u c i n g g r a d e d electr ic responses . T h i s view h a s been c o n f i r m e d by BINDMAN et 
ol . (1964) in c o m m e n t i n g their s t ud i e s car r ied o u t by m e a n s o f p o l a r i z a t i o n t h r o u g h 
microe lec t rodes . 
PURPURA a n d SHOFER (1964) were ab le t o i nduce m e m b r a n e po ten t i a l c h a n g e s 
in cor t ica l un i t s t h r o u g h mic roe lec t rodes . T h e y b r o u g h t c lea r evidences a c c o r d i n g 
t o which the height o f E P S P ' s o r I P S P ' s was mod i f i ed d e p e n d i n g o n the d i r ec t ion 
o f t he m e m b r a n e po ten t i a l shif t as c o m p a r e d t o t he respect ive e q u i l i b r i u m p o t e n t i a l s 
o f the t w o p o s t s y n a p t i c po ten t ia l s . T h e i r ev idences f a v o u r t he view tha t e v o k e d 
po ten t ia l s represen t t he s u m s of local po ten t i a l s in cor t i ca l n e u r o n e s . 
LANDAU a n d col). (1964) a p p l i e d po la r i z ing c u r r e n t s a t t he cor t ica l s u r f a c e a n d 
at d i f ferent dep th s . T h e mod i f i ca t ions o f the e v o k e d a n d s t r y c h n i n e po t en t i a l s o b s e r v -
e d by t h e m a re essential ly t he s a m e as those seen in o u r expe r imen t s . H o w e v e r , 
a t va r i ance wi th o u r findings they d id ob t a in c h a n g e s in t he p h a s e r e l a t i ons o f t he 
s u r f a c e s t r y c h n i n e po ten t i a l s . T h e c u r r e n t intensi t ies , app l i ed by t h e m exceeded t h o s e 
used by us 2 — 3 fo ld . A s to t he effect o f po l a r i za t i on u p o n the p r e s y n a p t i c e n d i n g s 
mos t direct evidences can be de r ived f r o m the e x p e r i m e n t s o f 'PURPURA a n d 
MCMURTRY (1965). T h e y recorded t h e m e m b r a n e po ten t i a l c h a n g e s o f P T a n d 
non-PT-ce l l s o f t he c a t ' s m o t o r c o r t c x in t racc l lu lar ly ensu ing o n o r t h o d r o m i c a n 
a n t i d r o m i c s t imul i d u r i n g po la r i za t ion o f bo th s igns. A n o d a l p o l a r i z a t i o n e n h a n c e d 
the ac t iv i ty of PT-cel ls , c a t h o d a l c u r r e n t s dep re s sed it. T h e m e m b r a n e p o t e n t i a l 
c h a n g e s p r o v o k e d in this way were no t very s ignif icant . O n non-PT-ce l l s , a t v a r i a n c e , 
su r f ace a n o d a l p o l a r i z a t i o n caused h y p e r p o l a r i z a t i o n wi th c o r r e s p o n d i n g m o d i -
fication o f ac t iv i ty . T h e s t r o n g po la r i za t iona l ef fec ts o b t a i n e d o n s u r f a c e a u g m e n t i n g 
responses mig th be d u e t o t he c i r c u m s t a n c e tha t their c u r r e n t intensi t ies were several 
t imes h igher t h a n o u r ones . A c c o r d i n g to t he exper iences o f RABINOVICH a n d 
KOPYTOWA (1969) n e u r o n e s o f the r a b b i t ' s m o t o r cor tex re ta ined a long las t ing 
higher react ivi ty a f t e r a pe r iod o f h y p e r p o l a r i z a t i o n whi le t he r e spons iveness o f 
t hose which had no t been h y p e r p o l a r i z e d prev ious ly w a s lost rapidly . T h u s , t he re 
a p p e a r s , t ha t h y p e r p o l a r i z a t i o n exe r t s an over t f ac i l i t a to ry effect o b n the q u a s i -
c o n d i t i o n e d responses o f cells s t i m u l a t e d f r o m d i f fe ren t sou rces . S imi la r pos i t ive 
a f te r -e f fec ts were o b s e r v e d by VORONIN and SOLNTZEWA (1969) on the r a b b i t ' s 
s e n s o r y - m o t o r c o r t e x a f t e r s u r f a c e pos i t ive p o l a r i z a t i o n . T h i s las ted u p t o 10 s e c o n d s 
w i t h o u t s ignif icant a l t e r a t ions in the m e m b r a n e po t en t i a l . T h e main c o n c l u s i o n 
tha t can be d r a w n f r o m their o b s e r v a t i o n s is, t h a t the effect o f s u r f a c e pos i t ive 
po l a r i za t i on is d i rec ted ma in ly to t he t r a n s m i t t e r o u t p u t of t he p r e synap t i c e n d i n e s . 
In c o m p a r i n g o u r e x p e r i m e n t a l resul ts wi th t he d a t a o f the extensive l i t e r a tu re 
refer r ing to o u r p r o b l e m , the c o n c l u s i o n seems to be jus t i f i ed , t ha t D C p o l a r i z a t i o n 
of the cerebra l co r tex m a y not o n l y be effect ive by a l te r ing t he m e m b r a n e p o t e n t i a l 
of p o s t s y n a p t i c e lements bu t a lso t h r o u g h m o d i f i c a t i o n of t h e t r a n s m i t t e r re lease 
f r o m p re synap t i c end ings . Its s eems very likely, t ha t th i s la t te r type o f a c t i o n m a y 
play an i m p o r t a n t role b o t h in t he e s t ab l i shmen t of new c o n d i t i o n a l c o n n e c t i o n s a n d 
in p rese rva t ion o f m e m o r y t races . T h e po la r i za t ion a n d especia l ly t he a n o d a l p o l a r -
izat ion o f the cerebra l co r tex c rea tes t he re fo re a n excellent mode l s i t ua t i on f o r t he 
s t u d y o f fixation of m e m o r y traces a t the ce l lu la r level. 
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A b s t r a c t 
In high concentration sodium 2.4-dichlorophenoxyacelic acid (2.4-D, Dikornit) inhibited the 
growth of experimental plants. Its effect also remains in the T generation. Increase of the 2.4-D 
concentration increased the amount of soluble protein and the activity of peroxidase (with the excep-
tion of maize). The hydroxylation processes too are influenced by 2.4-D, the amounts of the derivatives 
being increased at low concentration. 
GRANT (1972) c o n s i d e r s t h e h e r b i c i d e s t o be loca l p r o m o t e r s o f e v o l u t i o n . 
E v e n if o n l y I p .c . o f t h e d o m e s t i c a t e d p l a n t s u n d e r g o e s s ign i f i can t c h a n g e in a g e n e t i c 
b a l a n c e o n h e r b i c i d e a c c u m u l a t i o n , it s e rves a s t h e s t a r t i n g bas i s f o r a n o t h e r h e r -
e d i t a r y p a t h w a y . All th i s c a n be m e a s u r e d in t h e t r e a t e d g e n e r a t i o n s t h e s t r u c t u r a l 
a n d n u m e r i c a l c h a n g e s in t h e c r o m o s o m e s , a n d m o r p h o l o g i c a l , p h y s i o l o g i c a l 
a n d b i o c h e m i c a l indices . T h e c u r r e n t i nc r ea se o f c h e m i z a t i o n in p l a n t p r o t e c t i o n 
p r e s e n t s u s w i t h b o t h t h e o r e t i c a l a n d p r a c t i c a l r e sea rch t a s k s . 
In t h e p r e s e n t p a p e r a s t u d y is m a d e o f t h e e f fec t s o f a h e r b i c i d e , s o d i u m 2 .4-
d i c h l o r o p h e n o x y a c e t i c ac id ( 2 . 4 - D , D i k o n i r t ) o n s o m e p l a n t spec ies . In a c c o r d a n c e 
wi th t h e i r h o r m o n a l g r o u n d s u b s t a n c e , a t l o w c o n c e n t r a t i o n s t h e h e r b i c i d e s s t i m u l a t e 
g r o w t h , a n d a t h igh c o n c e n t r a t i o n s i n h i b i t it (VEINBRANTS, 1972). W u u a n d GRANT 
(1966a , b ) o b s e r v e d c h r o m o s o m a l a b e r r a t i o n s in t h e me ios i s o f b a r l e y r o o t - t i p s o n 
the a c t i o n o f h e r b i c i d e s , a n d the po l l en m o t h e r cells o f t he t r e a t e d s e c o n d g e n e r a t i o n 
a l s o e x h i b i t e d a b n o r m a l meios is . W h e n a p p l i e d in v a r i o u s c o n c e n t r a t i o n s t o w h e a t , 
s u n f l o w e r a n d b e a n , 2 . 4 - D e n h a n c e s t h e ac t iv i t i e s o f t he e n z y m e s p a r t i c i p a t i n g in t he 
o x i d a t i v e m e t a b o l i s m (VORT, 1964). 
M a t e r i a l s and M e t h o d s 
The experimental plants were MV 530 hybrid maize, broad bean, pea. pearl bean, cucumber, 
musk melon and water melon. The outdoor experiments were performed on I m plots. The 2.4-D 
dose was 1, 2, 4 or 10 g per plot for maize, and 0.05 or 0.26 g per plot for the other plants. The 
herbicide was employed as a preemergent simultaneously with the sowing, together with a sufficient 
number of control sowings. In the cytological and genetic examinations the plants were also grown 
in breeding vessels under semiconditioned circumstances for the observation of the development 
of the shaping of the genetic system variation. The controls were grown on tap-water and on 2.4-D 
solution with concentrations corresponding to those of the various outdoor experiments. A study 
was made of the modifying effect of 2.4-D, compared to the control, in the mitotic division, and 
of the changes occurring in the meiosis. The development of the protein content was measured by 
the method of L O W R Y et al. (1951), and the changes in the pigments by the method of S M I T H 1963). 
The peroxidase activity was determined by the procedure of S O L Y M O S Y — F A R K A S (1964), and the 
indole hydroxylation was investigated by the method of H O R V Á T H (1975). 
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Resu l t s and Discuss ion 
In t h e o u t d o o r e x p e r i m e n t s it w a s o b s e r v e d t h a t w h e n 2 . 4 - D w a s used a s a 
p r e e m e r g e n t h e r b i c i d e t h e i n c r e a s e o f i ts a m o u n t w a s p a r a l l e l e d by i n c r e a s i n g 
i n h i b i t i o n o r even c o m p l e t e c e s s a t i o n o f t h e g e r m i n a t i o n o f t h e seeds . F o r m a i z e , 
10 g / m 2 w a s t h e h ighes t d o s e a p p l i e d , a n d t h i s i n h i b i t e d g r o w t h o f t h e r o o t s . T h e 
ef fec t o f 2 . 4 - D w a s a l s o a p p a r e n t in t h e g r o w t h o f t h e s h o o t s a n d in t h e d e v e l o p m e n t 
o f t h e n u m b e r o f leaves. T h e t i m e o f t a sse l - s i lk ing t o o w a s s h i f t e d , a n d t h e y ie ld 
d e c r e a s e d . T h e o n e o r t w o g r a i n s p re sen t w e r e l a r g e r a n d h e a v i e r t h a n t h e g r a i n 
y ie ld o f t h e n o r m a l l y - d e v e l o p e d c o n t r o l p l a n t (KERTESZ, 1974). 
T h e o t h e r e x p e r i m e n t a l p l a n t s r eac t ed w i t h d i f f e r e n t sens i t iv i t i e s t o t h e i n c r e a s e 
o f t h e 2 . 4 - D c o n c e n t r a t i o n . In t h e s e p l a n t s t he h i g h e s t c o n c e n t r a t i o n o f t h e h e r b i c i d e 
used w a s 0 .25 g / m 2 , a n d th i s c o m p l e t e l y i n h i b i t e d t h e g e r m i n a t i o n o f m u s k m e l o n 
a n d w a t e r m e l o n seeds . Pea r l b e a n , p e a a n d b r o a d b e a n p l a n t s g r e w t o a lesser 
e x t e n t . T h e g r e a t e r t h e a m o u n t o f 2 . 4 - D g iven in t h e p r e e m e r g e n t s t a g e , t h e m o r e 
r e d u c e d w a s t h e l eng th o f t h e s h o o t s a n d r o o t s , a n d t h e f e w e r t h e l eaves f o r m e d ; 
f u r t h e r , t h e s e l a t t e r o n e s w e r e m o r e d i s t o r t e d in s h a p e . O n l y a f e w seeds d e v e l o p e d 
h e r e t o o . 
T h e g o u r d s r e a c t e d w i t h v a r y i n g sens i t iv i ty t o 2 . 4 - D . C u c u m b e r wel l e n d u r e d 
even t h e h i g h e s t 2 . 4 - D c o n c e n t r a t i o n e m p l o y e d , a n d t h e g r o w t h a n d d e v e l o p m e n t 
o f t h e s h o o t s a n d r o o t s w e r e o n l y s l ight ly i r r e g u l a r . A t a l o w e r c o n c e n t r a t i o n n o 
c h a n g e c o u l d b e o b s e r v e d c o m p a r e d t o t h e c o n t r o l . O n t h e c o n t r a r y t h i s s a m e l o w -
e r c o n c e n t r a t i o n led t o m u c h d a m a g e a m o n g m u s k m e l o n s a n d w a t e r m e l o n s , m a n y 
p l a n t s d y i n g b e f o r e t he r e p r o d u c t i v e s t age . O n th i s b a s i s w e see t h a t t h e r e is a c o r r e -
l a t ion b e t w e e n t h e w a t e r — d e m a n d a n d 2 . 4 - D sens i t i v i t y , a n d t h i s is w h y c u c u m b e r 
c a n wel l e n d u r e t h i s h e r b i c i d e . O u r r e su l t s a r e s u p p o r t e d b y t h e d a t a in t h e f o l l o w i n g 
T a b l e 1 m e a s u r e d o n t h e me ios i s o f t h e cel ls o f t h e r o o t - t i p m e r i s t e m . 
Table 1. Effect of 2.4-D on the meiosis of root-t ip meristem cells of seedlings 








Prophase Metap-hase Anaphase Telop 
M V 530 maize 
Control 2892 1068 906 51 57 50 
Low conc. 2360 877 853 8 11 6 
High conc. 2110 686 671 5 6 4 
PearI bean 
Control 1160 521 278 98 78 67 
Low conc. 547 41 11 13 9 8 
High conc. 398 17 6 4 4 3 
Broad bean 
Control 448 196 171 9 6 10 
Low conc. 1158 107 96 4 3 4 
High conc. 1045 II 8 1 0 2 
T H E E F F E C T O F S O D I U M 2 . 4 - D I C H L O R - O P H E N O X Y A C E T I C A C I D O N D O M E S T I C A T E D P L A N T S 1 4 3 
It c a n be seen f r o m t h e T a b l e t h a t 2 . 4 - D e x e r t e d a v e r y c o n s i d e r a b l e d e c e l e r a t o r y 
i n f l uence o n t h e c o u r s e o f t h e m i t o s i s in a l l t h r e e p l a n t s , a t t h e h i g h e r c o n c e n t r a t i o n 
a l m o s t e l i m i n a t i n g t h e me ios i s a n d t h u s t h e g r o w t h o f t h e r o o t . 
T h e e f f ec t o f 2 . 4 - D c o u l d a l s o be seen in t h e m e i o t i c d i v i s i o n o f t h e T 0 p l a n t s 
t r e a t e d . T h e a r r a n g e m e n t o f t h e c h r o m o s o m e s w a s i r r e g u l a r (ROJIK, 1973). 
A s r e g a r d s t h e s eeds o f T 0 m a i z e p l a n t s , it w a s f o u n d t h a t t he in i t ia l g r o w t h 
w a s m o r e i n t e n s i v e t h a n t h a t o f t h e c o n t r o l p l a n t s (KERTÉSZ, 1972). 
T h e s t u d y o f t h e T 0 a n d T , g e n e r a t i o n s o f b r o a d b e a n led t o a s i m i l a r resul t a s 
o b s e r v e d f o r m a i z e . K o v A c s (1972) f o u n d t h a t 2 . 4 - D is a c c u m u l a t e d in t h e seeds . 
T h e e x t e n t o f t h e a c c u m u l a t i o n rose wi th t h e i n c r e a s e o f t he c o n c e n t r a t i o n o f t h e 
h e r b i c i d e . 
2 . 4 - D i n h i b i t s t h e g r o w t h o f s eed l i ngs ; t h i s is wel l i l l u s t r a t e d in T a b l e 2 by 
t h e h i g h e r a m o u n t o f s o l u b l e p r o t e i n in p e a r l - b e a n s e e d l i n g s w h i c h u n d e r w e n t a 
s l ight d e g r e e o f g r o w t h d e s t r u c t i o n . 
Table• 2. Change in the amount of total soluble protein in pearl bean 
seedlings on preemergent 2,4-D treatment (y/g fresh weight). 
Age of Control Treated with low conc. Treated with high conc. 
seedling 
in days Shoot Root Coty-ledon Shoot Root 
Coty-











































I n c r e a s e o f t h e a m o u n t o f 2 . 4 - D led t o a fal l in t h e g reen p i g m e n t c o m p o n e n t s 
o f t h e e x p e r i m e n t a l p l a n t s ; th i s is c o n n e c t e d w i t h t h e h y d r o l y s i s o f t h e p r o t e i n s . 
T h e r e is b a r e l y a n y c h a n g e in t h e a m o u n t o f y e l l o w p i g m e n t . T h e s e r e su l t s w e r e 
r e p o r t e d ea r l i e r (HORVATH, 1970). T h e h e r b i c i d e i n c r e a s e d t h e p e r o x i d a s e a c t i v i t y 
in these p l a n t s , w i t h t h e e x c e p t i o n o f m a i z e seed l ings . T h e resu l t s o f t h e e n z y m a t i c 
m e a s u r e m e n t s a r e s h o w n in t h e f o l l o w i n g T a b l e 3. 
It c a n b e seen t h a t t h e p e r o x i d a s e ac t iv i ty i n c r e a s e d in pa ra l l e l w i t h t h e d a m a g e . 
M a i z e e n d u r e d w i t h o u t d a m a g e t h e 2 . 4 - D c o n c e n t r a t i o n e m p l o y e d h e r e . 
2 . 4 - D c a u s e s d a m a g e in m e t a b o l i s m a c c o r d i n g t o t h e a b o v e resu l t s , b u t it 
p r e s u m a b l y a l s o s t i m u l a t e s t h e f u n c t i o n i n g o f a n e n z y m e c o m p l e x , a s s h o w n by 
t h e f o r m a t i o n o f h y d r o x y d e r i v a t i v e s o f i n d o l e . T h e d e r i v a t i v e s a r e p r o d u c e d in 
la rger a m o u n t a t l o w 2 . 4 - D c o n c e n t r a t i o n ; a t h i g h e r 2 . 4 - D c o n c e n t r a t i o n t h e e n z y m e 
c o m p l e x is d i r e c t e d t o t h e e l i m i n a t i o n o f t h e c h e m i c a l , a n d b e c a u s e o f th i s t h e a m o u n t s 
o f t h e d e r i v a t i v e s d e c r e a s e . T h i s w a s s h o w n b y t h e a m o u n t s o f 5 - h y d r o x y i n d o l e in 
t h e ca ses o f b r o a d b e a n , p e a r l b e a n a n d c u c u m b e r . T h e h y d r o x y l a t i o n is i n t e n s i v e 
f o r b o t h m u s k m e l o n a n d w a t e r m e l o n ; v a r i o u s d e r i v a t i v e s a r e f o r m e d , t h e a m o u n t s 
o f these b e i n g l o w e r a t t h e l o w 2 . 4 - D c o n c e n t r a t i o n . F o r p e a a l a rge a m o u n t o f 
5 - h y d r o x y i n d o l e w a s f o r m e d in c o m p a r i s o n t o t h e c o n t r o l ; h i g h e r c o n c e n t r a t i o n o f 
2 . 4 - D d e c r e a s e d th i s a m o u n t . 
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Table J. Change in peroxidase aclivily on preemergenl 2.4-D irealment. 




Treated with low conc. 
Shoot Root Cotyledon 
Treated with high conc. 

















































T h e v a r i a t i o n s in t h e n a t u r e s a n d q u a n t i t i e s o f t he h y d r o x v i n d o l e s a r e l is ted in 
T a b l e s 4, 4/1 a n d 4 /2 . 
Table 4. Changes in amounts of hydroxy indoles on the action of 2.4-D. 
( Derivatives given in y\g fresh weight). 
Species Treatment Age in days 
5 - O H - -indole in 
Shoot Root 
Control 2.15 1.25 
P e a r l b e a n Low conc. 4 1.10 1.10 
High conc. 1.90 1.40 
Control 5.00 40.00 
P e a r l b e a n Low conc. 8 40.00 43.00 
High conc. 3.00 4.00 
Control 3.50 3.00 
P e a r l b e a n Low conc. 12 17.00 20.00 
High conc. 2.00 4.00 
Control 4.65 33.00 
Pea Low conc. 7 20.00 30.00 
High conc. 43.00 66.00 
Control 4.60 56.00 
Pea Low conc. 14 28.00 56.00 
High conc. 10.00 28.00 
T H E E F F E C T O F S O D I U M 2 . 4 - D I C H L O R - O P H E N O X Y A C E T I C A C I D O N D O M E S T I C A T E D P L A N T S 1 4 5 
Table 411. Change in ihe a m o u n g of 5-hydroxyindole on 2,4-D t rea tment 







T0 generat ion 16 
Treatment of seeds* 




Control Low conc. 
4.5 





* Part of the produce of the T0 generation emerged unchanged in the T, genera t ion ; the 
indicated samples received a repealed 2 .4-D treatment . 
Table 412. Changes in the amoun t s of hydroxyindoles fo rmed on the action 
of 2,4-D in cucumber , musk melon and water melon seedlings 
(y/g fresh weight). 
Plant species 












10 5-OH 110.00 71.00 95.00 75.00 35.00 49.00 
16 5 - O H 76.00 50.03 76.00 48.00 27.00 27.00 
20 5-OH 51.00 44.00 67.00 41.00 21,00 24.00 
Musk melon 
6 4 -OH — — — 135.00 120.00 — 
5-OH — — — 5.00 4.30 — 
12 4 -OH 2.35 3.50 — 120.00 105.00 — 
5-OH 2.60 2.00 — 3.00 3.00 — 
20 4 -OH 2.30 3.00 — 4.90 27.00 — 
5-OH 2.60 2.50 — 1.50 2.00 — 
Water melon 
15 4 -OH 530.00 310.00 — 540.00 390.00 — 
5-OH 52.00 41.00 — 57.00 40.00 — 
6 - O H 40.00 20.00 — 30.00 27.00 — 
20 4 -OH 530.00 300.00 — 530.00 355.00 — 
5-OH 65.00 20.00 — 60.00 21.00 — . 
6 - O H 41.00 17.00 — 24.00 4.70 — 
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A b s t r a c t 
A study was made of anthropological finds mainly from the area of Southern Hungary, and 
dating from the Neolithic, inclusive of the Iron age. Seven anatomical variations. 12 other mor-
phological variations, 2 congenital anomalies, exostoses, changes related with the circulatory system, 
pathological cases, tumours, traumas and dental diseases were diagnosed. Such phenomena were 
observed in a total of 95 individuals, in many cases several of the phenomena being found in a 
given individual. All this evidence indicates that even the populations living several thousand years 
ago included the most varied pathological cases, which appear to have increased in number as a 
consequence of the change-over to agriculture and the establishment of human settlements. Without 
the excavation of complete burial-grounds, it is not possible to give an exact and reliable answer 
to the question of the frequency of these phenomena in a population. With the observation and 
publication of the cases involved, it was intended to draw attention to phenomena of interest and 
importance from a medical-historical aspect, in finds originating from the Neolithic. 
I n t roduc t i on 
V e r y f e w p a l a e o a n t h r o p o l o g i c a l finds ex is t , in w h i c h t h e r e a r e n o les ions in 
a t least o n e o f t h e b o n e s . T h e d i f f e r e n t i a t i o n o f t h e a n a t o m i c a l v a r i a t i o n s a n d c o n -
geni ta l a n o m a l i e s s e e m s a re la t ively s i m p l e t a s k , b u t t h e s i t u a t i o n is m u c h m o r e 
diff icul t w i t h t h e p a t h o l o g i c a l cases . T h e s t u d y o f these is u n q u e s t i o n a b l y ju s t i f i ed 
t o d a y in a p a l a e o a n t h r o p o l o g i c a l e v a l u a t i o n , s ince t h e y c a n p r o v i d e v a l u a b l e i n f o r -
m a t i o n r e g a r d i n g t h e b io log ica l s t r u c t u r e o f t h e p o p u l a t i o n . R e s e a r c h o f s u c h a 
n a t u r e is h a m p e r e d b y t w o m a i n p r o b l e m s p r i m a r i l y : 
a ) it is o n l y in e x t r e m e l y r a r e ca ses t ha t t h e r e s e a r c h w o r k e r h a s t h e poss ib i l i t y 
t o d e a l w i t h t h e finds o r i g i n a t i n g f r o m e x c a v a t i o n o f a c o m p l e t e b u r i a l - g r o u n d , 
a n d c o n s e q u e n t l y t h e r e is n o w a y t o o b s e r v e the ove ra l l m a n i f e s t e d c h a n g e o r va r i -
a t i o n ; 
b ) e s t a b l i s h m e n t o f a n a c c u r a t e d i a g n o s i s is p a r t i c u l a r l y d i f f icul t in t he c a s e o f 
t he p a l a e o p a t h o l o g i c a l c h a n g e s . 
W e h a v e t r ied t o so lve these t w o p r o b l e m s b y i n c o r p o r a t i n g i n t o t h e i n v e s t i g a t i o n 
a large set o f finds f r o m a n a r c h a e o l o g i c a l pe r i od w h i c h h a v e s o f a r n o t been r e p o r t e d , 
whi le in a d d i t i o n we h a v e t a k e n i n t o a c c o u n t p u b l i c a t i o n s w h i c h c o n t a i n d e t a i l e d 
d e s c r i p t i o n s a n d g o o d i l l u s t r a t i o n s w i t h r e g a r d t o t h e c h a n g e s in q u e s t i o n . 
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Examina t ion mater ia l 
A s t u d y w a s m a d e o f t hose ske l e tons (main ly c r an i a ) f r o m the p a l a e o a n t h r o p o -
logical col lec t ion of the D e p a r t m e n t of A n t h r o p o l o g y o f A t t i l a József U n i v e r s i t y , 
which o r ig ina te f r o m a u t h e n t i c a t e d si tes d a t i n g f r o m the Neo l i t h i c , inclusive o f t h e 
I ron Age. T h e finds in which s o m e c h a n g e w a s o b s e r v e d a r e listed briefly be low. 
T h e s c o p e of th i s p a p e r does no t pe rmi t us to give a n exact desc r ip t ion o f every 
ind iv idua l s k e l e t o n ; a cco rd ing ly , the changes have been n u m b e r e d ( f r o m 1 t o 45), 
a n d in the t r e a t m e n t o f t he ind iv idua l finds a n d o f t h e c h a n g e s t he r e l avan t s y m p t o m s 
a r e ind ica ted by the a p p r o p r i a t e n u m b e r in b r acke t s . A t t he s a m e t ime , t h e mos t 
typical cases a r e p resen ted in p h o t o g r a p h s . 
N e o l i t h i c a g e 
A . K ő r ö s g r o u p 
N o . 1936. E n d r ő d . Excava t ed by Fe renc M ó r a in 1930. M a t u r e m a l e . (22. 42 
T a x o n : n — m . 
N o . 131. G r a v e 25/1. H ó d m e z ő v á s á r h e l y - K o t a c p a r t - V a t a f a r m (BANNER, 1935). 
A d u l t ma le . (10, 40) T a x o n : pn-x . 
B . T i s z a c u l t u r e 
N o . 161. G r a v e 2. H ó d m e z ő v á s á r h e l y — K ö k é n y d o m b — S z a b ó ( K a p o c s i ) f a r m 
(BANNER, 1951). A d u l t f emale . (26, 42). T a x o n : a m - p n . 
N o . 159. H ó d m e z ő v á s á r h e l y — K ö k é n y d o m b — V ö r ö s f a r m (BANNER. 1940). 
Juven i le -adu l t f emale . (2, 2c, 3). 
N o . 4392. G r a v e 2. N á d u d v a r — F a r k a s l ó r é — V ö r ö s Csi l lag C o o p e r a t i v e F a r m 
(GAZDAPUSZTAI, 1963). Chi ld of In fan t i a II age. (2, 29). 
N o . 4054. G r a v e 4. H ó d m e z ő v á s á r h e l y — G o r z s a — C z u k o r f a r m (GAZDAPUSZTAI, 
1963a). A d u l t f emale . (42). T a x o n : a m - c r A . 
N o . 4056. G r a v e 7. H ó d m e z ő v á s á r h e l y — G o r z s a — C z u k o r f a r m . Juven i l e f e m a l e . 
( 2 9 ) . 
N o . 7963. G r a v e I. V é s z t ő — M á g o r i Hil l (HEGEDŰS, 1973). A d u l t f emale . 
(3, 38). T a x o n : n . 
N o . 7966. G r a v e 4. V é s z t ő — M a g o r i Hil l . A d u l t f e m a l e . (43). T a x o n : a m - x . 
N o . 7968. G r a v e 6. V é s z t ő — M á g o r i Hil l . M a t u r e female , ( l a . 38, 42) . T a x o n : 
n-x . 
N o . 7969. G r a v e 7. V é s z t ő — M á g o r i Hil l . M a t u r e male . (5a, 42). T a x o n : n - a m . 
C . Neo l i t h i c finds no t classified in to ages 
N o . 3955. M o g y o r ó s . E x c a v a t e d by F e r e n c M ó r a in 1930. A d u l t f e m a l e . (3a, 
43). T a x o n : n -c rB. 
N o . 3510. G r a v e A . Ószen t iván VI I I . (B. KUTZIÁN, 1961). Seni le male . (21, 32 
37). T a x o n : pn-x . 
C o p p e r A g e 
A . T i s z a p o l g á r c u l t u r e 
N o . 1948. G r a v e 12. D e s z k - A (FOLTINY, 1941). M a t u r e male . (2). T a x o n : a m - p n . 
N o . 102. G r a v e 7/15. H ó d m e z ő v á s á r h e l y — K o t a c p a r t — V a t a f a r m . 1932—33 
(B. KUTZIÁN, 1972). Seni le male . (22). T a x o n : p n . 
N o . 104. G r a v e 7/17. H ó d m e z ő v á s á r h e l y — K o t a c p a r t — V a t a f a r m , 1932—33. 
Seni le female . ( I I ) . T a x o n : c rA-x . 
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N o . 140. S p o r a d i c . H ó d m e z ő v á s á r h e l y — K o t a c p a r t — V a t a f a r m . 1 9 3 3 — 3 4 
(BANNER, 1933—34) . M a t u r e - s e n i l e m a l e . (2, 3a ) . T a x o n : a - c r B . 
N o . 1934. G r a v e 4 . L e b ő - A F a r k a s f a r m (B. KUTZIÁN, 1972). M a t u r e m a l e . 
(3a , 22 , 31 , 35) . T a x o n : pn -x . 
N o . 1433. G r a v e 1. Ó s z e n t i v á n (TÓTH, 1942). J u v e n i l e f e m a l e . (2). T a x o n : a m - x . 
N o . 3 5 0 8 . G r a v e 2 . Ó s z e n t i v á n V I I I ( B . K U T Z I Á N , 1 9 6 1 ) . S e n i l e m a l e . ( 2 , 2 c , 
3, 8 , 22a) . T a x o n : a m - x . 
B . B o d r o g k e r e s z t ú r c u l t u r e 
N o . 437 . G r a v e 2. M a g y a r t e é s (PATAY, 1943). A d u l t m a l e . (39) . 
N o . 4 3 8 . G r a v e 6. M a g y a r t e é s . Seni le m a l e . (23. 42) . T a x o n : c r A - p n . 
N o . 1025. D e s i g n a t i o n 7. S z e n t e s — K i s t ő k e — S z e g i f a r m (ZALOTAY, 1 9 3 3 — 3 4 ; 
PATAY, 1943). A d u l t f e m a l e . ( 2 , 5a ) . T a x o n : a - c r B . 
C . P é c e l c u l t u r e 
N o . 2664 . G r a v e 8. B a j a — D ó z s a G y ö r g y St . 2 3 3 (KŐHEGYI, 1961). Sen i l e m a l e . 
(3a) . T a x o n : p n - c r A . 
B r o n z e A g e 
A . E a r l y B r o n z e A g e 
N o . 123. R ö s z k e . Seni le m a l e . (23, 32, 35) . 
N o . 3 6 1 9 . G r a v e 1 3 8 . S z o l n o k — R á k ó c z i f a l v a — K a s t é l y d o m b ( C S A L O G , 1 9 6 3 ) . 
Seni le m a l e . (17, 43 ) . T a x o n : c r B - c r A . 
N o . 170. G r a v e 10. S z ő r e g - C (FOLTINY, 1941a). A d u l t m a l e . (2, 29 , 31). T a x o n : 
a m - p n . 
N o . 174. G r a v e 20. S z ő r e g - C . Sen i l e f e m a l e . (31, 32) . T a x o n : n - m . 
N o . 176. G r a v e 24. S z ő r e g - C . C h i l d o f I n f a n t i a II age . (29). 
N o . 180. G r a v e . 29. S z ő r e g - C . M a t u r e m a l e . (11). T a x o n : a m - m . 
N o . 183. G r a v e 36. S z ő r e g - C . Sen i l e m a l e . (1, 23). T a x o n : p n - x . 
N o . 197. G r a v e 62. S z ő r e g - C . M a t u r e m a l e . (2) . T a x o n : n -c rB . 
N o . 207 . G r a v e 74. S z ő r e g - C . A d u l t m a l e . (2, 3a , 5, 15, 43) . T a x o n : a m - p n . 
N o . 229 . G r a v e 103. S z ő r e g - C . C h i l d o f I n f a n t i a II age . (25). 
N o . 241 . G r a v e 120. S z ő r e g - C . A d u l t m a l e . (18) . T a x o n : p n - c r A . 
N o . 251 . G r a v e 135. S z ő r e g - C . M a t u r e f e m a l e . (2, 27). T a x o n : a m - c r A . 
N o . 1737. S z ő r e g — P á l f y b r i c k w o r k s . A d u l t ma le . (3a , 9 , 19, 22, 24, 36) . T a x o n : 
p n . 
B . M i d d l e B r o n z e A g e . 
N o . 4 0 3 9 . G r a v e 63. D e s z k - A (FOLTINY, 1941). A d u l t m a l e . (2). T a x o n : a m - m . 
N o . 1615. G r a v e 81a . D e s z k - A . M a t u r e f e m a l e . (2, 5b , 22, 44) . T a x o n : d - p . 
N o . 2410 . G r a v e 8. D e s z k - F (FOLTINY, 1942). A d u l t m a l e . (3a, 14,42). T a x o n : 
a m - c r B . 
N o . 2414 . G r a v e 14. D e s z k - F . A d u l t ma le . (16) . 
N o . 2415 . G r a v e 15. D e s z k - F . A d u l t f e m a l e . (2 , 3). T a x o n : c r B - a m . 
N o . 327 . G r a v e 26. D e s z k - F . A d u l t m a l e . (23). 
N o . 328 . G r a v e 31. D e s z k - F . Seni le m a l e . (23, 43) . T a x o n : n-x . 
N o . 329 . G r a v e 32. D e s z k - F . M a t u r e m a l e . (23, 43) . T a x o n : a m - x . 
N o . 331. G r a v e 4 1 . D e s z k - F . Seni le f e m a l e . (23, 32, 43) . 
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N o . 332 . G r a v e 45. D e s z k - F . A d u l t f ema le . (43) . T a x o n : a - c r B . 
N o . 333 . G r a v e 4 6 . D e s z k - F . A d u l t ma le . (2, 3, 5, 7, 22 . 29) , T a x o n : n - a m . 
N o . 337 . G r a v e 60. D e s z k - F . M a t u r e m a l e . (23 . 35 , 43) . T a x o n : p n - m . 
N o . 338 . G r a v e 6 3 . D e s z k - F . A d u l t m a l e (? ) . (2, 22) . T a x o n : a - x . 
N o . 339 . G r a v e 64. D e s z k - F . M a t u r e f e m a l e . (32) . 
N o . 340 . G r a v e 67. D e s z k - F . M a t u r e m a l e . (23 , 24, 31) . T a x o n : d . 
N o . 341. G r a v e 6 8 . D e s z k - F . A d u l t ma le . (23) . T a x o n : a m - x . 
N o . 169. G r a v e 9 . S z ő r e g - C (FOLTINY, 1941a). Sen i l e f e m a l e . (28) . T a x o n : p n - x . 
N o . 172. G r a v e 13. S z ő r e g - C . A d u l t f e m a l e . (2, 5a , 22) . T a x o n : a m - c r B . 
N o . 177. G r a v e 26. S z ő r e g - C . A d u l t m a l e . (2 , 3a , 5 a , I I ) . T a x o n : n - c r A . 
N o . 182. G r a v e 35. S z ő r e g - C . Sen i l e ma le . (43) . T a x o n : c r A - a . 
N o . 198. G r a v e 6 4 . S z ő r e g - C . A d u l t f e m a l e . (29) . T a x o n : a m - m . 
N o . 201. G r a v e 67. S z ő r e g - C . M a t u r e m a l e . (39). T a x o n : a m - c r A . 
N o . 214 . G r a v e 84. S z ő r e g - C . M a t u r e m a l e . (3a ) . T a x o n : p n - a m . 
N o . 216 . G r a v e 86. S z ő r e g - C . M a t u r e f e m a l e . (43) . T a x o n : a m - n . 
N o . 235 . G r a v e 109. S z ő r e g - C . A d u l t f e m a l e . (2, 3 , 10, 42 , 43) . T a x o n : a m - n . 
N o . 236 . G r a v e 110. S z ő r e g - C . A d u l t m a l e . ( I , 43) . T a x o n : c r A - x . 
N o . 252. G r a v e 136. S z ő r e g - C . A d u l t m a l e . (2 , 20, 42 , 43) . T a x o n : p n - a m . 
N o . 254 . G r a v e 138. S z ő r e g - C . M a t u r e f e m a l e . (29, 4 0 , 42 , 43) . T a x o n : c r B - a m 
N o . 258 . G r a v e 146. S z ő r e g - C . A d u l t m a l e . (2, 6) . T a x o n : a m . 
N o . 270 . G r a v e 166. S z ő r e g - C . C h i l d o f I n f a n t i a II a g e . (2 , 2 a , 2 b . 2c , 4 . 13. 29) 
N o . 271 . G r a v e 167. S z ő r e g - C . C h i l d o f I n f a n t i a I a g e . (29, 30). 
C . L a t e B r o n z e A g e 
N o . 325 . G r a v e 22. D e s z k - F (FOLTINY, 1942). Seni le m a l e . (3a , 22 , 23 , 43 ) . 
T a x o n : n - c r A . 
N o . 3 5 5 8 . G r a v e 5 7 . S z o l n o k — R á k ó c z i f a l v a — K a s t é l y d o m b ( C S A L O G , 1 9 6 3 ) . 
A d u l t ma le . (2, 31) . 
N o . 3631 . G r a v e 155. S z o l n o k — R á k ó c z i f a l v a — K a s t é l y d o m b . A d u l t m a l e . 
(43) . T a x o n : m - n . 
N o . 3636 . G r a v e 163. S z o l n o k — R á k ó c z i f a l v a — K a s t é l y d o m b . A d u l t f e m a l e . 
(2, 42) . 
N o . 209. G r a v e 76. S z ő r e g - C (FOLTINY, 1941a) . M a t u r e f e m a l e . (9 , 42 ) . T a x o n : 
a m - m . 
N o . 219 . G r a v e 89a . S z ő r e g - C . A d u l t f e m a l e . (45) . T a x o n : a m - c r A . 
N o . 220 . G r a v e 8 9 b . S z ő r e g - C . C h i l d o f I n f a n t i a II age . (2, 29) . 
N o . 237 . G r a v e 112. S z ő r e g - C . M a t u r e m a l e . (2, 5a , 43 ) . T a x o n : p - c r B . 
N o . 257 . G r a v e 144. S z ő r e g - C . Seni le f e m a l e . (43) . T a x o n : a - c r B . 
N o . 266 . G r a v e 160. S z ő r e g - C . Seni le f e m a l e . (32) . 
D . B r o n z e A g e f i n d s n o t c l a s s i f i e d i n t o a g e s 
N o . 5284 . G r a v e I. H ó d m e z ő v á s á r h e l y — S t a t e F a r m . A d u l t m a l e . (2 , 23 , 41) . 
N o . 5285. H ó d m e z ő v á s á r h e l y — S t a t e F a r m . M a t u r e m a l e . (3, 23 . 33 , 38 ) . 
T a x o n : p n - c r A . 
N o . 3 5 6 1 . G r a v e 6 3 . S z o l n o k — R á k ó c z i f a l v a — K a s t é l y d o m b ( C S A L O G , 1 9 6 3 ) . 
M a t u r e m a l e . (2, 2a , 22, 42 , 43) . T a x o n : n - a m . 
N o . 3599 . G r a v e 110. S z o l n o k — R á k ó c z i f a l v a — K a s t é l v d o m b . M a t u r e f e m a l e . 
(2 ) . 
N o . 3507. S z o l n o k — W a t e r w o r k s . M a t u r e ma le . (23, 30) . 
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N o . 190. G r a v e 54. S z ő r e g - C (FOLTINY, 1941a). M a t u r e m a l e . (2, 12, 38, 43) . 
T a x o n : c r B - n . 
N o . 224 . G r a v e 97. S z ő r e g - C . A d u l t f e m a l e . (3, 5a 42 , 43 ) . T a x o n : a - c r A . 
N o . 274 . S z ő r e g - C . A d u l t m a l e . (3a , 24 , 29, 31). T a x o n : m - c r A . 
I r o n A g e 
N o . 3175 . G r a v e 1. C s a n y t e l e k . A d u l t f e m a l e . (2 , 5b , 10). 
N o . 3176 . G r a v e 2. C s a n y t e l e k . M a t u r e m a l e . (2). T a x o n : c rB-x . 
N o . 3177 . G r a v e 3 . C s a n y t e l e k . C h i l d o f I n f a n t i a 11 age . (35) . 
N o . 3178 . G r a v e 4. C s a n y t e l e k . A d u l t f e m a l e . (2) . T a x o n : c r B - a . 
N o . 4 0 4 9 . G r a v e 3. K i s h o m o k — L e n i n C o o p e r a t i v e F a r m (GAZDAPUSZTAI, 
1964). A d u l t f e m a l e . (3, 31) . T a x o n : a m - n . 
N o . 1429. G r a v e 1. L e b ő (PÁRDUCZ, 1942). M a t u r e m a l e . (22, 23, 34). T a x o n : 
n - a m . 
N o . 1430. G r a v e 2. L e b ő . Senile ma le . (5a, 22b , 42, 43) . T a x o n : c r A . 
N o . 368. G r a v e 1. S z e n t e s — V e k e r h á t (PÁRDUCZ, 1940). M a t u r e f e m a l e . (23, 
42, 43). T a x o n : c r B - x . 
N o . 434 . G r a v e 1. S z e n t e s — V e k e r z u g — B l e i e r f ö l d . E x c a v a t e d b y G á b o r C s a l l á n y . 
A d u l t f e m a l e . (2, 38). T a x o n : a - c r B . 
T h e t a x o n e s t a b l i s h m e n t w a s c a r r i e d o u t b y the m e t h o d o f LIPTÁK (1962, 1965, 
1971), a c c o r d i n g t o t h e a v e r a g e v a l u e s e l a b o r a t e d (FARKAS, 1972) o n t h e b a s i s o f 
L i p t á k ' s r e p o r t e d finds. In a c c o r d a n c e w i t h th is , t h e le t te rs used f o r t a x o n des ig -
n a t i o n s h a v e t h e s a m e sense a s g iven b y LIPTÁK. 
T a b l e s 1—3 p r o v i d e i n f o r m a t i o n o n the d i s t r i b u t i o n s o f t h e a b o v e finds a c c o r d i n g 
t o sex , a g e o f d e a t h , t a x o n a n d a r c h a e o l o g i c a l p e r i o d . 
Table / . Distributions of the examination series according to sex and archaeological age. 
Archaeological age Male Female Children Total 














¡7j Total 4 8 1 13 



































Total 39 20 5 62 
Iron Age 3 5 1 9 
Total 52 36 7 95 
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It is q u i t e c l e a r f r o m T a b l e I t h a t o n the o c c a s i o n o f t h e r e c o v e r y o f t h e v a r i o u s 
finds t h e s k e l e t o n s o f c h i l d r e n w e r e r e c o v e r e d o n l y in low n u m b e r s . C o r r e s p o n d i n g l y , 
ve ry f e w c h i l d - s k e l e t o n s o c c u r a m o n g t h e e x a m i n a t i o n se r ies . 
T a b l e 2 re f lec t s t h e w e l l - k n o w n r e l a t i o n t h a t t h e r e is a s ign i f i can t d i f f e r e n c e 
b e t w e e n t h e a g e s o f d e a t h f o r m a l e s a n d f e m a l e s . In t h i s se r ies t o o it is o b s e r v e d 
t h a t t h e n u m b e r o f m a l e s o f m a t u r e a n d seni le a g e (32) is well in excess o f t h e c o r r e s -
p o n d i n g n u m b e r o f f e m a l e s o f t h e s a m e a g e (15) . 
Table 2. Distributions of the examination series according to sex and age. 




Infantia 1 — — 1 1 1.0 
Infantia II — — 6 6 6.3 
Juvenile — 3 — 3 3.2 
Adult 21 IB — 39 41.1 
Mature 19 9 — 28 29.5 








T a b l e 3 g ives t h e d i s t r i b u t i o n a c c o r d i n g t o t a x o n . It wel l i l l u s t r a t e s t h e p r o p o r -
t i o n s o f h u m a n spec ies t o b e o b s e r v e d in p r e h i s t o r i c m a t e r i a l . T h u s , in a d d i t i o n t o 
t h e 26 M e d i t e r r a n e a n s , 26 n o r d o i d , 12 c r o m a g n o i d a n d 10 b r a c h y c e p h a l i c t a x o n s 
Table 3. Distribution of the examined adult finds according to taxon and sex. 
Taxon Male Female 
Totale 
% 


















M e d i t e r r a n e a n s : 


















U n d e t e r m i n e d 7 8 15 17.0 
Total 52 1 36 88 
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o c c u r e d , w h i c h is p r i m a r i l y c o r r e l a t e d w i t h t he s o u t h e r n o r i g i n s o f t h e p r e h i s t o r i c 
p o p u l a t i o n . A d i f f e r e n c e in t a x o n o m i c c o m p o s i t i o n b e t w e e n the t w o sexes c a n b e 
seen essen t i a l ly o n l y in c a s e o f t h e n o r d o i d g r o u p , f o r t h e r e a r e a l m o s t f o u r 
t imes a s m a n y o f t h e s e a m o n g t h e m a l e s a s a m o n g t h e f e m a l e s . 
A n a t o m i c a l v a r i a t i o n s , c o n g e n i t a l a n o m a l i e s 
T h e a n a t o m i c a l v a r i a t i o n s a r e t h e r e su l t s o f c h a n g e s o c c u r r i n g d u r i n g t h e oss i -
fication p r o c e s s , a n d t h e h e r e d i t y - c o u r s e o f these is n o t k n o w n e x a c t l y . BROTHWELL 
(1959) p r o p o s e s t h e e x a m i n a t i o n o f 10 ( n o n - m e t r i c ) f e a t u r e s t o d e m o n s t r a t e t h e 
b io log ica l d i s t a n c e b e t w e e n p o p u l a t i o n s . 
Fig. I. Szoreg-C, early Bronze Age, No. 183, Grave 36. — Large uniform os apicis. 
Fig. 2. Szoreg-C, middle Bronze Age, No. 270, Grave 166. — Wormian bone in the sutura sagittalis. 
T h e o s ap ic i s is a u n i f o r m o r d i v i d e d b o n e s i t u a t e d in t h e s u t u r a l a m b d o i d e a , 
in t h e i n t e r p a r i e t a l a n g l e o f t h e o s o c c i p i t a l e (MARTIN—SALLER, 1957—1966) . 
It o c c u r e d a s a u n i f o r m b o n e (1) in t w o finds f r o m S z o r e g ( F i g . 1), b u t t he v a r i a n t 
d iv ided i n t o t h r e e p a r t s (os a p i c i s t r i p a r t i u m ) ( l a ) w a s a l s o o b s e r v e d in o n e c r a n i u m . 
T h e w o r m i a n b o n e s a r e l a r g e r o r s m a l l e r b o n e - i s l a n d s s i t u a t e d in t h e s u t u r e s 
H E S S , 1 9 4 6 ; M A R T I N — S A L L E R , 1 9 5 7 — 1 9 6 6 ; K E N N E T H , 1 9 6 5 ) . O f t h e a n a t o m i c a l 
v a r i a t i o n s e x a m i n e d , t h i s w a s f o u n d wi th t h e h ighes t f r e q u e n c y . T h e d i s t r i b u t i o n 
a c c o r d i n g t o sex o f t h e w o r m i a n b o n e o c c u r r i n g in t h e s u t u r a l a m b d o i d e a ( 2 ) : 18 
ma les , 13 f e m a l e s a n d 3 c h i l d r e n . It w a s f o u n d in t h e s u t u r a c o r o n a l i s (2a ) in t w o 
cases . In o n e find it w a s o b s e r v e d in t he p a r s o b e l i c a o f t h e s u t u r a s ag i t t a l i s ( 2b ) 
( F i g . 2), a n d w a s a l s o t o b e seen in t h e s u t u r a p a r i e t o m a s t o i d e a (2c) . W o r m i a n b o n e s 
in s i m i l a r s i t es w e r e f o u n d in a f u r t h e r t w o c r a n i a . 
T h e s u t u r a m e t o p i c a (3) is a pe r s i s t i ng f o e t a l f r o n t a l s u t u r e , w h i c h n o r m a l l y 
o c c l u d e s d u r i n g t h e first t w o y e a r s a f t e r b i r t h (ESSEN—HOLLER, 1928). T h i s w a s 
f o u n d in 9 c r a n i a (3 m a l e s , 6 f e m a l e s ) a m o n g o u r m a t e r i a l . T h e s u p r a n a s a l s u t u r a l 
r e s i d u e (3a) , w h i c h is a r e s i d u e o f t h e foe t a l f r o n t a l s u t u r e (MARTIN—SALLER, 1957— 
1966), w a s o b s e r v e d in 11 c r a n i a ( 1 0 m a l e s , I f e m a l e ) . 
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Fig. 3. Szöreg-C. middle Bronze Age. No. 270. Grave 166. — Righl-side processus frontalis ossis 
temporalis. 
Fig. 4. Szöreg-C. late Bronze Age. No. 237, Grave 112. — Os cpiptericum. 
O f t h e v a r i a t i o n s o f t h e p t e r i o n reg ion (MARTIN—SALLER, 1 9 5 7 — 1 9 6 6 ) , t h e 
p r o c e s s u s f r o n t a l i s oss i s t e m p o r a l i s (4) o c c u r r e d o n t h e r igh t s i d e in t h e c r a n i u m o f 
o n e ch i ld (F igs . 3 a n d 7). A fa i r ly f r e q u e n t v a r i a t i o n o f th i s r e g i o n is t h e a p p e a r a n c c 
o f a n i n d e p e n d e n t b o n e , t h e o s e p i p t e r i c u m , w h i c h is g e n e r a l l y r e g a r d e d a s t h e wa l l 
b o n e o f t he t e m p o r a l b o n e (MARTIN—SALLER, 1957—1966) . T h i s w a s o b s e r v e d in 
6 m a l e s , in 2 o n b o t h s ides (5) a n d in 4 (F ig . 4 ) o n l y o n t h e le f t s i d e (5a) , a n d a l s o 
in 5 f e m a l e s , in 3 o n t h e left s ide a n d in 2 o n t h e r igh t s i d e (5b) . 
T h e o s b r e g m a t i c u m (6) is a f o n t a n e l l e w h i c h o c c u r s p a r t l y s y m m e t r i c a l l y , a n d 
p a r t l y a s y m m e t r i c a l l y in t h e in i t ia l sec t ion o f t h e s u t u r a s a g i t t a l i s , b u t it is a l s o 
f o u n d e x t e n d i n g i n t o t h e f r o n t a l b o n e . I ts a p p e a r a n c e is r e la t ive ly r a r e (MARTIN 
SALLER, 1957—1966) . It is r e s t r i c t ed t o o n e c a s e in o u r m a t e r i a l ( F i g . 5). 
T h e p r o c e s s u s p a r a m a s t o i d e u s o r p a r a c o n d y l o i d e u s (7) is a n e x t r e m e l y r a r e 
v a r i a t i o n (MARTIN—SALLER, 1957—1966) , a n d s i m i l a r l y o c c u r r e d in o n l y o n e c a s e 
in o u r m a t e r i a l . 
Fig. 5. Szôreg-C, middle Bronze Age, No. 258, Grave 146. — Os bregmaticum 
Fig. 6. Hôdmezôvâsarhely—Kotacpart—Vata farm, early Neolithic (Kôrôs group). No. 131 
Grave 25/1. — Large foramen incisivum 
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V a r i a t i o n s o f o t h e r m o r p h o l o g i c a l c h a r a c t e r i s t i c s w e r e a l s o 
o b s e r v e d : 
t he l e f t - s ide c a n a l i s ne rv i hypog los s i (8) w a s l a r g e r t h a n the a v e r a g e in o n e c a s e ; 
s u p e r n u m e r a r y r i gh t - s i de f o r a m e n i n f r a o r b i t a l e (9 ) w a s f o u n d in t w o c a s e s ; 
a l a rge f o r a m e n inc i s ivum (10) c o u l d b e seen in t h r e e ca ses ( F i g . 6) . In s u c h a 
ca se t h e poss ib i l i t y o f a cys t m a y c o m e t o m i n d (BALOGH, 1958) ; 
t h e r i gh t - s i de f o r a m e n j u g u l a r e w a s l a r g e r ( I I ) t h a n t h e left in t h r e e cases . T h e 
e n l a r g e m e n t o f t he r ight f o r a m e n m a y wel l b e i n d i c a t i v e o f t h e l e f t - h a n d e d n e s s o f 
the i n d i v i d u a l , f o r t h e p a t h o l o g i c a l c h a n g e c a n b e a s s u m e d d u e t o t h e o v e r - n a r r o w i n g 
o f t h e l e f t f o r a m e n ( C H A R V A R T — P A C O V S K Y — D U B O V S K Y , 1 9 6 4 ) ; 
f o r a m e n j u g u l a r e b i p a r t i t u m (12) c a n be seen o n b o t h s ides in t h e c r a n i u m o f 
o n e m a l e ; 
t he f i s sura s p h e n o p e t r o s a is s t r i k i n g l y w i d e (13) in t h e c a s e o f o n e c h i l d . S i n c e , 
a p a r t f r o m the c r o s s i n g o f the n e r v u s p e t r o s u s supe r f i c i a l i s m a j o r a n d m i n o r , t h i s 
fissure a l s o a c t s a s an e m i s s a r y (K i s s , 1953), in th i s ch i ld t h e ve ins in this r e g i o n m a y 
h a v e b e e n l a r g e r o r s u p e r n u m e r a r y ; 
t h e p a r t i t i o n o f t he left c a p i t u l u m m a n d i b u l a e (14) o c c u r r e d in o n e c a s e ; 
s imi l a r ly , b i p a r t i t i o n o f t he r igh t a l a m a g n a (15) w a s o b s e r v e d in o n e c a s e (F ig . 7 ) ; 
t he left a n g l e o f t h e m a n d i b u l a w a s inc l ined i n w a r d s m a r k e d l y (16) in o n e m a l e ; 
t he c r i s t a occ ip i t a l i s e x t e r n a a p p e a r e d in t h e f o r m o f a s t r o n g r idge (17) in o n e 
c r a n i u m ; 
t h e s p i n a m e n t a l i s w a s u n u s u a l l y s t r o n g l y d e v e l o p e d (18) in o n e case . M u s c l e -
a d h e r i n g b o n e fissures wi th a b n o r m a l d e v e l o p m e n t a r e in a cause l r e l a t i o n g e n e r a l l y 
wi th a m u s c u l a t u r e h y p e r t r o p h i z e d b e c a u s e o f o v e r - s t r e s s i n g . O n e f o r m o f th i s is 
s t r o n g d e v e l o p m e n t o f t he s p i n a m e n t a l i s (REGOLY—MEREI, 1962) ; 
t he r igh t f o r a m e n m e n t a l e is l a r g e r (19) t h a n t h e left in o n e find. 
O f t h e c o n g e n i t a l a n o m a l i e s , m e n t i o n m a y b e m a d e o f t h e c o n d y l u s t e r t i u s ( 2 0 ) , 
wh ich w a s f o u n d in o n e c a s e (F ig . 8). 
A s s i m i l a t i o n o f t h e o s coccygis (21) w a s o b s e r v e d in t h e s a c r u m o f o n e m a l e . 
Fig. 7. Szôreg-C. early Bronze Age, No. 207, Grave 74. — Right-side os epiptericum and divided 
ala magna. 
Fig. 8. Szôreg-C, middle Bronze Age, No. 252. Grave 136. — Condylus tertius. 
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E x o s t o s e s 
T h e esox toses can be obse rved in t he region o f the p a l a t u m d u r u m (22), m a i n l y 
nea r t he mo la r s , in t he f o r m of la rger o r sma l l e r r idges , bu t they m a y a l s o o c c u r o n 
the left r a m u s m a n d i b u l a e ( 2 2 a ) , a s w a s o b s e r v e d o n the lower m a n d i b l e of o n e m a l e . 
A s imi la r case m a y a l so a p p e a r on t he ala m a g n a (22b) ( o n e case) . 
O f t he to ta l of 13 exos toses observed ( inc lud ing the t w o m e n t i o n e d ) , w i t h t h e 
excep t ion of t w o females all occu r r ed in m a l e f inds. W i t h o n e excep t ion , a d v a n c e d 
d e n t a l a b r a s i o n t oo was f o u n d in these . It is seen t h a t this m a y be c o n n e c t e d wi th 
the ora l cavi ty a n d m a s t i c a t o r y muscles , a n d b e c a u s e of this t he fa i r ly f r e q u e n t 
o c c u r r e n c e m a y be exp la ined by ove r - load ing (REGÖLY—MÉREI, 1962). T h i s a s s u m p -
tion is c o n t r a d i c t e d , h o w e v e r , by cases of c r an i a w h e r e t he m a s t i c a t o r y s u r f a c e o n t h e 
tee th is very w o r n , but a t the s a m e t ime exos tos is is no t f o u n d o n the p a l a t u m d u r u m . 
C h a n g e s r e l a t e d w i t h t h e c i r c u l a t o r y s y s t e m 
T h e a b n o r m a l n u m b e r , pos i t ion a n d s ize o f f o r m a t i o n s ( foveo les g r a n u l a r e s , 
Pacch ion i g ranu les , sulci a r te r ios i ) o n the e n d o c r a n i a l s u r f a c e o f t he c r an i a were 
a l so e x a m i n e d (23). 
T h e Pacch ion i g r a n u l e s a r e t he f o r m a t i o n s o f t he a r a c h n o i d e a , wh ich a r e 
pap i l l a - l ike p r o m i n e n c e s on b o t h sides of t he fissura in te rhenu ' sphae r i ca . T h e y 
p e n e t r a t e in to the v e n o u s s inuses of t he d u r a m a t e r . In o ld age they increase in n u m b e r , 
a n d t h u s t he n u m b e r of i n d e n t a t i o n s c o r r e s p o n d i n g to t he Pacch ion i g r a n u l e s 
a l so rises. T h e g ranu le s have t he func t ion o f a c t i n g a s b a r o r e c e p t o r s to m e a s u r e 
t he p res su re o f t he c e r e b r o s p i n a l fluid. T h o s e s i t ua t ed f a r t h e r f r o m the mesial line 
a l s o p e n e t r a t e in to venous l a c u n a e which a r e in c o n n e c t i o n wi th t he s inuses . C o r r e s -
p o n d i n g to these large l a c u n a e , smal le r i n d e n t a t i o n s ( foveoles g r a n u l a r e s ) a r e f o u n d 
o n the pa r ie ta l b o n e s (Kiss , 1953; RATKÓCZY, 1959). T h e s e c h a n g e s have a l so been 
d e m o n s t r a t e d in p a l a e o a n t h r o p o l o g i c a l mater ia l (NEMESKÉRI—HARSÁNYI—GEREN-
CSÉR, 1973). A s r ega rds t he sulci ar ter ios i in a n o t h e r s i te (REGÖLY—MÉREI. 1962) it 
w a s f o u n d tha t t he b r o a d e n e d a n d deepened vascu l a r sulci m a y a p p e a r a s a c o n -
sequences of a n i n t r ac ran i a l p re s su re increase . 
T h e f r e q u e n c y o f c o m b i n e d occu r r ence o f these f o r m a t i o n s t o o was e x a m i n e d , 
bu t on ly t he ind iv idua l s were r ega rded as p a t h o l o g i c a l w h o be longed t o the a d u l t 
a g e g r o u p (since the n u m b e r o f Pacchioni g r a n u l e s rises wi th age) . A la rger t h a n 
a v e r a g e n u m b e r o f Pacch ion i g ranu le s with a d e e p vascu l a r su lcus a p p e a r e d in t he 
case o f t w o a d u l t m a l e s ; s u p e r n u m e r a r y foveoles g r a n u l a r e s a n d a d e e p v a s c u l a r s u l c u s 
were obse rved o n the e n d o c r a n i a l su r f ace of o n e ma le c r a n i u m . S imi la r c h a n e e s w e r e 
f o u n d in a f u r t h e r 13 ind iv idua l s (11 males a n d 2 females ) , all o f t h e m be long ing in 
t he m a t u r e o r senile a g e g r o u p s . 
Special a t t en t i on shou ld be pa id to a fine n e t w o r k o f thin vascu l a r sulci (24) o n 
the m a r g o s u p r a o r b i t a l i s a n d the a r cus superc i l ia r i s (3 ind iv idua ls ) . C h a n g e s o f this 
n a t u r e were obse rved o n p reh i s to r i c men finds b y TAPPEN (1973). 
O t h e r p a t h o l o g i c a l c h a n g e s 
Synos tos is p r aecox (25) is ihe p r e m a t u r e synos tos i s of t he c ran ia l b o n e s , p r i -
mar i ly a iong the s u t u r a sagi t ta l i s a n d co rona l i s (BARTUCZ, 1966). In o u r m a t e r i a l 
this cou ld be obse rved o n the region of t he s u t u r a sag i t ta l i s in o n e chi ld (o f Inf. 11 age) . 
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Less se r ious h y d r o c e p h a l u s (26) is ind ica ted by the large c r a n i u m of a n a d u l t 
f emale . Such c h a n g e s have prev ious ly been descr ibed in a p a l a e o a n t h r o p o l o g i c a l 
m a t e r i a l ( B R O T H W E L L , 1 9 6 5 ) . 
T h e o s t e o m a s (27) a r e s lowly-growing , benign b o n e t u m o u r s . T h e y m a y a l so 
a p p e a r o n t he ca lvar ia , c u s t o m a r i l y in t he f o r m of smal l , r o u n d p r o t u b e r a n c e 
(HARANGHY, 1966). A p r o t u b e r a n c e a b o u t ha l f a c e n t i m e t r e in d i a m e t e r w a s obse rved 
o n t h e f r o n t a l b o n e of o n e ind iv idua l . O s t e o m a ag ree ing wi th o u r case is f o u n d in t he 
w o r k o f V Y H N A N E K ( 1 9 7 1 ) . 
A par t i cu la r ly g rea t p rob l em w a s c a u s e d by a r o u n d f o r a m e n (28), a p p r o x i -
mate ly ha l f a cen t ime t r e in d i a m e t e r , s i t ua t ed in the u p p e r la teral wal l of t he o rb i t 
of o n e c r a n i u m a n d in the spong iosa . T h e o p e n i n g is s u r r o u n d e d by the sulci of a 
rich vascu l a r n e t w o r k . N o o t h e r c h a n g e s can be o b s e r v e d in t he c r a n i u m , a n d the 
i n d e n t a t i o n pene t r a t i ng in to the spong iosa is no t in c o n n e c t i o n wi th t he s inus f r o n -
talis. Since a c h a n g e of a qui te local n a t u r e is involved a n d the l i t e ra tu re s h o w s no 
p h o t o g r a p h s re la t ing to th i s p h e n o m e n o n , we t h o u g h t o f t he fo l lowing ae t io log ica l 
f a c t o r s : 
a ) s o m e c h a n g e of t h e g l a n d u l a l ac rnna le , wh ich induced a s e c o n d a r y b o n e 
d e s t r u c t i o n ; 
b ) a n g i o m a , which acco rd ing t o REGOLY—MEREI (1962) can a l so ar i se in t he 
m e d u l l a , ma in ly in t he f o r m of h a e m a n g i o m a cap i l l a re . T h e va r ious f o r m s of h a e m a n -
g i o m a c a n a l s o occur in the ad ipose t issue (o rb i t ) (HARANGHY, 1966); 
c ) o rb i t a l in fec t ion . 
T h e f o r a m i n a t i o n of t he uppe r media l wal l of t he o rb i t a l t egmen was t e rmed b y 
WELCKER (1888) c r ib ra orb i ta l ia (29). T h e o s t e o p o r o t i c a r ea occu r r ing in the pa r ie ta l 
r eg ion of the ca lvar ia (when the t a b u l a ex te rna d i s a p p e a r s a n d the en la rged spong iosa 
becomes visible on the sur face) is usua l ly refer red to as hype ros tos i s spong iosa 
c ran i i (HAMPERL—WEISS, 1955) (30). O u r e v a l u a t i o n s of these p h e n o m e n a were 
based o n the w o r k o f o t h e r a u t h o r s (NATHAN—HAAS, 1966). Because of t he low 
n u m b e r o f cases a d i f fe rence in sex cou ld no t be es tab l i shed , bu t at any event it is 
s t r ik ing t h a t t he re a r e a s ignif icant numbf- r o f ch i ld -c ran ia exhib i t ing t he c h a n g e . 
T h r e e basic types were observed (NATHAN—HAAS, 1966): po ro t i c , c r ib ro t i c a n d 
t r abecu la r . Accord ing ly , t he fo l lowing cases occu r r ed in o u r e x a m i n a t i o n m a t e r i a l : 
p o r o t i c c h a n g e in 1 ma le , 2 females a n d 1 ch i ld ; c r ib ro t i c c h a n g e in 1 male , 2 f emales 
(F ig . 9) a n d 3 ch i ld ren . T h e c r ib ra o rb i t a l i a of o n e child f o r m s a t r ans i t i on be tween 
the c r ib ro t i c a n d t r a b e c u l a r fo rms . In this case a 3 x 2 c m ell iptic hype ros tos i s s p o n -
giosa crani i t oo w a s seen o n the os par ie ta le . Besides c r a n i u m no. 3507 f r o m the 
a r ea of the Szo lnok W a t e r w o r k s , pa r i e t a l e was a l so f o u n d in a n o t h e r ind iv idua l . 
He re a c i r cu la r o s t e o p o r o t i c a r e a , 1.5 c m in d i a m e t e r , can be seen o n the region 
enc losed by the su tu ra sagi t ta l is a n d co rona l i s , wi th hyperos tos i s o f t he s p o n g i o s a . 
T h e m a j o r i t y of research w o r k e r s t o d a y ag ree t h a t t he f ac to r s r e spons ib le for the 
d e v e l o p m e n t o f this process a r e : 
a ) m a l n u t r i t i o n (HENSCHEN, 1961); 
b ) i ron deficiency a n a e m i a a c c o m p a n y i n g m a l n u t r i t i o n (NATHAN—HAAS, 1966); 
c ) i r o n d e f i c i e n c y a n a e m i a ( H E N G E N , 1 9 7 2 ; C U L E — E V A N S , 1 9 6 8 ) ; 
d ) h a e m o l y t i c a n a e m i a (ANGEL, 1966). 
T h e d i f fe ren t i a t ion o f these in h is tor ical mater ia l is ex t remely p rob l ema t i ca l , w h e r e a s 
the recogni t ion o f t he changes is relat ively easy (BRABANT—NEMESKERI, 1963). 
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C h a n g e s o f a local o s t e o p o r o t i c n a t u r e (31) , w h i c h a p p e a r in t he f o r m o f a l ine 
f o r a m i n a t i o n , w e r e o b s e r v e d o n t h e v a r i o u s p a r t s o f t h e c r a n i u m in s eve ra l c a s e s : 
o n t h e a r e a o f t h e a r c u s supe rc i l i a r i s a n d t h e g l a b e l l a ( 4 c a s e s ) ; 
o n the a r c u s s u p e r c i l i a r i s a n d t h e a r c u s z y g o m a t i c u s (1 c a s e ) ; 
o n the a r e a o f t he p o r u s a c u s t i c u s e x t e r n u s a n d t h e c o n d y l u s o c c i p i t a l i s (I c a s e ) ; 
o n t h e a l a m a g n a ( I case ) . 
A spec ia l c l a s s i f i ca t ion w a s m a d e o f t he c r a n i a w h i c h c a n b e r e g a r d e d a s 
e x a m p l e s o f seni le o s t e o p o r o s i s (32) (PRATOP, 1969). I t s t yp i ca l a p p e a r a n c e f o r m is 
a t r o p h y o f t h e c a l v a r i a . It w a s o b s e r v e d in a t o t a l o f 5 f e m a l e ca se s , all o f t h e m f r o m 
the m a t u r e o r sen i le a g e g r o u p s . M e n t i o n m u s t a l s o b e m a d e h e r e o f t h e s k e l e t a l 
b o n e s o f a seni le m a l e , w h i c h w e r e f o u n d t o b e u n u s u a l l y l igh t , w h i l e t h e m a r k s o f 
a b s o r p t i o n t o o w e r e t o b e seen o n t h e long t u b u l a r b o n e s a n d o n the pelvis . 
Fig. 9. Hódmezővásárhely—Gorzsa—Czukor farm. Neolithic (Tisza culture). No. 4056, Grave 7. — 
Cribra orbitalia (cribroticus). 
Fig. 10. Lebo, Iron Age, No. 1429. Grave I. — Myeloma multiplex on the mandible. 
T u m o u r s 
M e n i n g e o m a (33) is a t u m o u r o f t he c o v e r ce l l s o f t h e a r a c h n o i d e a . w h i c h 
c a u s e s a n i m p r e s s i o n in t h e c e r e b r a l s u b s t a n c e a n d i n d i c a t e s h y p e r o s t o s i s in t h e 
a d j a c e n t b o n e t i s sue (ENDES, 1972). T h e e x p l a n a t i o n o f th i s is t h a t , b e c a u s e o f t h e 
p r e s s u r e i nc r ea se d u e t o t h e t u m o u r , h y p e r a e m i a d e v e l o p s in t h e d i p l o e w i t h t h e 
m e d i a t i o n o f t he a m p l e v a s c u l a r c o n n e c t i o n s b e t w e e n the d u r a a n d t h e d i p l o e 
(REGOLY—MEREI, 1962). T h e n e w b o n e f o r m e d is c o m p a c t , s t r u c t u r e l e s s , b u t p o s -
sibly w i t h a r ad i a l s t r u c t u r e (RATK6CZY, 1959). M e n i n g e o m a h a s a l s o been m e n t i o n e d 
in a p r e h i s t o r i c c o n t e x t (JANSSENS, 1970). O n t h e bas i s o f t h e a b o v e d e s c r i p t i o n , 
m e n i n g e o m a w a s a s s u m e d f o r t he c h a n g e s o f o n e m a l e c r a n i u m in o u r m a t e r i a l . 
In th i s t he p a r i e t a l b o n e a t t a i n e d a c o n s i d e r a b l e t h i c k n e s s in t he c o r r e s p o n d i n g 
a r e a o f t h e t u b e r a f r o n t a l i a a n d in t he o c c i p i t a l r e g i o n ; th i s is s h o w n b y t h e loca l 
t h i c k e n i n g o f t h e s p o n g i o s a . In t he r e g i o n c o r r e s p o n d i n g t o t h e c o u r s e o f t h e l a m b -
d o i d s u t u r e th i s t h i c k e n i n g re su l t ed in b a t h r o c e p h a l u s . T h e c r a n i u m is e x t r e m e l y 
l ight . T h e c o n d y l u s occ ip i t a l i s is n o t pa ra l l e l w i t h t he b a s a l p l a n e a n d the f o s s a 
c o n d y l o i d e a is e x t r e m e l y d e e p . T h e X - r a y p i c t u r e s h o w s o n l y t h e p a r i e t a l b o n e 
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t h i c k e n i n g . ( W e e x p r e s s o u r t h a n k s t o D r . LÁSZLÓ PÁLDY f o r t h e p r e p a r a t i o n o f 
t he p i c t u r e . ) 
M y e l o m a m u l t i p l e x (34) is a t u m o u r s t a r t i n g o u t f r o m the r e t i c u l u m o f t h e 
m e d u l l a , w h i c h b r e a k s t h r o u g h t h e c o m p a c t s u b s t a n c e o f t h e b o n e t o r e a c h t h e 
s u r f a c e (HARANGHY, 1966). It a p p e a r s in t h e f o r m o f r o u n d , s h a r p - e d g e d b o n e 
d e f e c t s (RATKÓCZY, 1959). S u c h b o n e l e s ions h a v e been r e p o r t e d by H u n g a r i a n 
a u t h o r s ea r l i e r (NEMESKÉRI—HARSÁNYI. 1959). T a k i n g i n t o a c c o u n t a n o t h e r d e -
s c r i p t i o n t o o (WILLIAMS—RITSCHIE—TERRINGTON, 1941), w e exp l a in t h e c a u s e o f 
s u c h c h a n g e s in o n e m a l e c r a n i u m o n t h e bas i s o f t h e p h o t o g r a p h s ( F i g . 10) a s m y e l o -
m a mul t i p l ex . 
I n d e n t a t i o n s (35) c a n b e seen o n t h e e n d o c r a n i a l s u r f a c e o f f o u r c r a n i a (in o n e 
case p r o t r u d i n g o n t o t he e c t o c r a n i a l s u r f a c e t o o ) , m a i n l y a l o n g t h e s u t u r a s ag i t t a l i s , 
in t h e a r e a o f t he p a r i e t a l e o r t he o c c i p i t a l e . In t h e s e a r e a s t h e p a r i e t a l b o n e is t h i n n e d . 
In o u r v i ew s o m e i n t r a c r a n i a l t u m o u r m a y b e i n v o l v e d , a l t h o u g h l e p t o m e n i n g i t i s 
t o o c a u s e s i n d e n t a t i o n s in t h e c r a n i u m (WADSWORTH SCHWARTZ, 1941). 
D e g e n e r a t i v e c h a n g e s o f t he a r t i c u l a r s u r f a c e s o f t he v e r t e b r a e a r e g e n e r a l l y 
d e s c r i b e d a s s p o n d y l a r t h r o s i s (36) (VYHNÁNEK, 1971, ACSÁDI—HARSÁNYI—NEMES-
KÉRI, 1962). O n o n e c r a n i u m s m a l l e x o s t o s e s w e r e seen o n t h e a n t e r i o r e d g e o f t h e 
f o r a m e n m a g n u m , a n d o n the bas i s o f t he flattened s t a t e o f t h e c o n d y l u s o c c i p i t a l i s 
t he p h e n o m e n o n (F ig . I I ) w a s e x p l a i n e d a s s p o n d y l a r t h r o s i s . ( U n f o r t u n a t e l y , t h e 
a t l a s is mi s s ing . ) 
Fig. 11. Szôreg—Pâlfy brickworks, early Bronze Age. No. 1737. — Traces of Spondylarthrosis on 
the condylus occipitalis. 
Fig. 12. Vésztô—Màgori hill. Neolithic (Tisza culture). No. 7963, Grave 1. — Injury resulting from 
a stab (?) on the mandible. 
A s i m i l a r c h a n g e w a s seen in t h e v e r t a b r a e o f a n o t h e r i n d i v i d u a l . In th i s c a s e 
t he d e g e n e r a t i v e p r o c e s s a f f e c t e d t h e b o d i e s o f t he v e r t e b r a e . S t r o n g o s t e o p h y t e 
f o r m a t i o n c a n b e o b s e r v e d o n t h e b o d i e s o f t he t h o r a c a l e s a n d l u m b a l e s , b u t less 
s o o n t h e v e r t e b r a e c e r v i c a l e s ; in t h e c a s e s o f t h o r a c i c v e r t e b r a e 9 a n d 10 it c a n b e 
seen t h a t t h e t w o v e r t e b r a e a r e fixed w i t h b o n e y b r i d g e s (VYHNANEK, 1972). In t h e 
l i t e r a t u r e t h i s o s t e o p h y t e f o r m a t i o n is g e n e r a l l y d e s c r i b e d a s s p o n d y l o s i s d e f o r m a n s 
(37) (NEMESKERI—HARSANYI, 1959;TULSI , 1972). 
160 GY. F A R K A S a n d A N T Ó N I A M A R C S I K 
T r a u m a s ( 3 8 ) 
In severa l c a s e s t h e c r a n i a e x h i b i t e d l a r g e r o r s m a l l e r c h a n g e s i n d i c a t i v e o f 
e x t e r n a l e f f e c t s : t h e m a r k o f a s h a r p w e a p o n o n t h e o s f r o n t a l e ; t h e d e e p f u r r o w o f 
t h e p e n e t r a t i o n o f a n a r r o w h e a d ( ? ) o n a m a n d i b l e ( F i g . 12); in o n e c a s e t h e m a r k 
o f a s t r o n g e r b l o w (? ) o n t h e a r e a o f t h e o s f r o n t a l e , a n d in t w o c a s e s w o u n d s o n t h e 
t o p o f t h e h e a d , r e s u l t i n g f r o m b l o w s ( ? ) o n t h e a r e a o f t h e o s f r o n t a l e o r p a r i e t a l e . 
W e d o n o t d e a l s e p a r a t e l y wi th t h e q u e s t i o n o f t r e p a n a t i o n s (39) , a s t h e s e c a s e s 
a l r e a d y figure in ea r l i e r p u b l i c a t i o n s (BARTUCZ, 1966). 
Fig. 13. Szöreg-C, middle Bronze Age, No. 254, Grave 138. — Cercival caries at M-. 
Fig. 14. Szôreg-C, middle Bronze Age, No. 254, Grave 138. — Cement-enamel caries on the in-
T h e d e g r e e o f c a r i o s i t y o n tee th i nc rea se s in h i s t o r i c a l t i m e s u p t o t h e p r e s e n t 
d a y . T h i s w a s a l r e a d y s t u d i e d in t h e se r ies u n d e r e x a m i n a t i o n h e r e (TOTH, 
1970; T6TH—SONKODI, 1972). In th i s respec t w e r e f e r t o t h e s e p u b l i c a t i o n s . It m u s t 
be m e n t i o n e d , h o w e v e r , t h a t in o u r j u d g e m e n t a s t u d y o f t h e f r e q u e n c y o f c a r i e s 
(40) in t e e t h c a n lead t o a rea l i s t ic resul t o n l y if t h e ex i s t i ng tee th o f a g iven t y p e 
a r e e x a m i n e d a n d t h e c a r i e s f r e q u e n c y is e x p r e s s e d a s a p e r c e n t a g e o f t h e c a s e s 
e x a m i n e d . R e s e a r c h i n t o t h e p r o b l e m is h i g h l y j u s t i f i e d , f o r even in finds w h i c h a r e 
severa l t h o u s a n d y e a r s o ld a n e x t r e m e l y h i g h d e g r e e o f c a r i e s is f o u n d o n v a r i o u s 
s i t es o f t he d e n t a l c r o w n a n d r o o t (F igs . 13 a n d 14). 
In c o n n e c t i o n w i t h t h e t e e th we c o n s i d e r it n e c e s s a r y t o t u r n t h e r a r e c a s e s 
t o o w h i c h o c c u r in p r e h i s t o r i c scr ies . W e t h i n k p r i m a r i l y o f t h e o n l y s u p e r n u m e r -
a r y m o l a r ( h y p e r o d o n t i a ) (41) , p r e s e n t e d in F i g . 15. 
D i s e a s e s o f t he t e e th o r p e r i o d o n t i u m c a n g ive r ise t o a b s c e s s o r g r a n u l o m a 
a r o u n d t h e r o o t (REG5LY—MEREI, 1962). W i t h i ts s l o w g r o w t h t h e g r a n u l o m a d e -
s t r o y s t h e b o n e a r o u n d the r o o t a p e x , a n d even t h e r o o t a p e x i tse l f (BALOGH. 1958). 
T h e c y s t s a r e g e n e r a l l y l a r g e r t h a n the a b s c e s s cav i t i e s , a n d r o u n d o r e l l ip t i c in s h a p e 
(BALOGH, 1958). T h e i r d i f f e r e n t i a t i o n in h i s t o r i c a l m a t e r i a l m e a n s a c e r t a i n d i f f i cu l -
t y , a n d t h u s in o u r c a s e s ( F i g . 16) w e give t h e c o m b i n e d n u m b e r o f g r a n u l o m a s 
a n d cys t s (42) p r e s e n t . F i s t u l a t o o w a s f o u n d in 2 o f t h e 16 i n d i v i d u a l s ; th i s c a n o c c u r 
cisors. 
T e e t h 
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a s a resul t o f p e r i a p i c a l a b s c e s s , o s t e o m y e l i t i s , o r m a x i l l a r y s i n u s s u p p u r a t i o n o f 
d e n t a l o r ig in (REGÖLY—MEREI, 1962). 
O s t e o m y e l i t i s o f d e n t a l o r ig in (43) is e i t h e r loca l i zed o r ex t ens ive . T h e o s s e o u s 
s u r f a c e o f t h e a l v e o l u s is u n e v e n , r o u g h a n d c o r r o d e d (REGÖLY—MEREI, 1962). 
It o c c u r s c o m p a r a t i v e l y f r e q u e n t l y in o u r m a t e r i a l ( 2 4 i n d i v i d u a l s ) , t h a t m a y b e 
a c o n s e q u e n c e o f t he l a rge n u m b e r of c a r i e s cases . 
Fig. 15. Hôdmezôvâsârhely—State Farm, Bronze Age, No. 5284, Grave I. — Hyperodontia (M,) 
on the right maxilla. 
Fig. 16. Szôreg-C. middle Bronze Age. No. 254, Grave 138. — Cyst at left upper P,. 
Pe r s i s t ing mi lk t o o t h (44 ) w a s o b s e r v e d in o n e c a s e , in t h e a r e a b e t w e e n P , 
a n d P , o n a f e m a l e m a n d i b l e . 
T h e a l v e o l a r e d g e is s t r o n g l y ra re f ied a t t h e f r o n t t e e th o n the m a n d i b l e o f find 
n o . 219 f r o m t h e S z o r e g - C s i t e ; o n th i s p a r t t h e r o o t s h a v e b e c o m e v i s ib le (45) . 
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A b s t r a c t 
72 Avar period and 9 early-Arpadian Age graves were excavated in the area of Rákóczifalva— 
Kastélydomb in 1962. Altogether 67 skeletal remains were found, in a worse-average state of preser-
vation. The males are generally brachycranic, but the cranical index of the females is more variable. 
Their braincase (cranial vault) is orthocranic and tapeino-metriocranic, and the forehead is steno-
metopic. In the case of both sexes the face is generally mesoprosopic, mesene. The fossa canina 
is absent or shallow. The orbits are usually hypsiconch, and the nasal index is mesorrhine (in the 
females chamaerrhine). The stature is very variable. The number of anthropological finds suitable 
for taxonomic analysis is only twelve, of which nine individuals are of Europid character. Within 
these, the Cromagnoids (crC) predominate, with various proportions of the Mongolid racial com-
ponent. Three resp. four individuals could be classified as Mongolids. In one case the Baikal race 
(b) could be diagnosed and in another the Saianic (sa), while for two individuals the Mongolid 
component could not be determined in detail. In the nine early Arpadian-Age graves only two 
skeletons are in a good state of preservation; one of them shows Mediterranean, and the other one 
Mongolid character. The Avar period and 10th century cemetery at Rákóczifalva—Kastélydomb 
is important as representing original Avars who immigrated here from the central regions of Asia, 
while in addition the presence of the Mongolid element in the 10th century is evidence of the survival 
of the Avar population. 
I n t r o d u c t i o n 
E x c a v a t i o n s w e r e c a r r i e d o u t b y Z s o l t C s a l o g in t he a r e a ca l l ed R á k ó c z i f a l v a — 
K a s t é l y d o m b , n o t f a r f r o m S z o l n o k , in M a y a n d J u n e 1962. H e u n c o v e r e d a l t o g e t h e r 
178 g r a v e s , i n c l u d i n g e a r l y a n d la te B r o n z e - A g e a n d G e p i d g r a v e s , 72 A v a r - p e r i o d 
a n d n ine e a r l y A r p a d i a n - A g e ( 1 0 t h c e n t u r y ) g raves (CSALOG, 1963). T h e a r c h a e o -
logical e l a b o r a t i o n o f t h e A v a r p e r i o d g r a v e s is b e i n g p e r f o r m e d b y L á s z l ó Se lmecz i , 
a r c h a e o l o g i s t o f t h e M u s e u m in S z o l n o k ; spec ia l t h a n k s a r e d u e t o h i m f o r p l a c i n g 
his m a n u s c r i p t a t o u r d i sposa l . T h e m a t e r i a l o f 6 4 g r a v e s h a s p a s s e d i n t o t h e c o l l e c t i o n 
o f t h e D e p a r t m e n t o f A n t h r o p o l o g y a t A t t i l a J ó z s e f U n i v e r s i t y . In t h r e e c a s e s t h e r e 
w e r e d o u b l e b u r i a l s ( g r a v e s 32, 38 a n d 124), a n d t h e r e f o r e t h e n u m b e r o f finds t o 
be e l a b o r a t e d h a s r isen t o 67. 12 o f t h e 4 3 c r a n i a a r e in a g o o d s t a t e o f p r e s e r v a t i o n 
(i .e. m e a s u r a b l e ) , a n d 31 a r e f r a g m e n t a r y ( T a b l e 1). T h e g rea t m a j o r i t y o f c r a n i a 
a r e a s s o c i a t e d w i t h s k e l e t o n s (38 cases ) , b u t t h e r e a r e c r a n i a w i t h o u t p o s t c r a n i a l 
s k e l e t o n s (5 cases) . It a p p e a r s f r o m t h e d a t a o f T a b l e 1 t h a t t he p r e s e r v a t i o n o f t h e 
A v a r p e r i o d s k e l e t o n s u n e a r t h e d in t h e a r e a o f R á k ó c z i f a l v a — K a s t é l y d o m b is 
w o r s e t h a n the a v e r a g e . 
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Table / . Rákóczifalva-Kastély domb. Avar period, skeleial material. 
Characterization of the material In. 1. Inf. 11. Juv. Ad. Mat. Sen. Tota 
Males _ 2 8 1 11 
Fragmentary 
(unmeasured) 
Females 1 6 6 13 
7 Undeterminable . . . 1 6 













Total : — — — 4 8 — 12 
Sum-total : 1 6 | 1 12 22 1 1 43 
G e n e r a l c h a r a c t e r i z a t i o n of the Ava r -pe r iod popula t ion 
In t h e e l a b o r a t i o n o f t h e ske le t a l m a t e r i a l , w e h a v e m a d e u s e o f MARTIN'S m e t h o d 
(1928) . F r o m the resu l t s in T a b l e s 2 t o 4 , a g e n e r a l c h a r a c t e r i z a t i o n o f t he a n t h r o p o -
logical m a t e r i a l o f t h e A v a r - p e r i o d c e m e t e r y a t R á k ó c z i f a l v a — K a s t é l y d o m b . r e l a t i n g 
t o b o t h sexes , c a n b e g iven in t h e f o l l o w i n g w a y ; o w i n g t o t h e l o w n u m b e r o f c a s e s , 
n o p a r a m e t e r s h a v e been c a l c u l a t e d . 
T h e c r a n i a o f t he m a l e s exh ib i t a b r a c h y c r a n i c t e n d e n c y , w h i l e in t h e c a s e o f 
t h e f e m a l e s l o w e r a n d h i g h e r v a l u e s t h a n t h i s o c c u r a s wel l . T h e c r a n i a l p ro f i l e 
in t h e ve r t i ca l n o r m is o v o i d a n d p e n t a g o n o i d . r e spec t ive ly . T h e b r a i n c a s e is g e n e r a l l y 
o r t h o c r a n i c a n d t a p e i n o - m e t r i o c r a n i c , r e spec t ive ly . T h e p r o t u b e r a n t i a o c c i p i t a l i s 
e x t e r n a is o f d e g r e e s 0 a n d 1; t h e m a s t o i d p r o c e s s o f t he m a l e s is o f m e d i u m s ize , 
a n d t h a t o f t h e f e m a l e s is s m a l l . O n t h e bas i s o f t h e t r a n s v e r s a l - f r o n t o p a r i e t a l i n d e x 
t h e c r a n i u m is s t e n o m e t o p i c a n d m e t r i o m e t o p i c ; wh i l e in t h e c a s e o f t h e m a l e s 
t h e f o r e h e a d s l o p e s s o m e w h a t , in t h e f e m a l e s it is s t e e p . T h e g l a b e l l a is o f d e g r e e s 1 
a n d 2 , r e spec t ive ly . T a k i n g i n t o c o n s i d e r a t i o n t h e c r a n i a l c a p a c i t y va lues , t h e m a l e s 
a r e a r i s t e n c e p h a l i c , a n d the f e m a l e s e u e n c e p h a l i c b u t , d u e t o t h e i r f r a g m e n t a r y 
s t a t e , o n l y in t w o c a s e s e a c h . T h e f ace o f t h e m a l e s is u s u a l l y m e s o p r o s o p i c , m e s e n e ; 
t h a t o f t h e f e m a l e s is s i m i l a r , b u t h y p e r l e p t o p r o s o p y a l s o o c c u r s . T h e f o s s a c a n i n a 
is a b s e n t o r s h a l l o w . In b o t h sexes t he o r b i t s a r e h y p s i c o n c h , b e i n g a l i t t le s q u a r e 
o r r o u n d e d . A s r e g a r d s o f t h e v a l u e o f t h e n a s a l i n d e x , m e s o r r h i n y is m o r e 
c h a r a c t e r i s t i c o f t h e m a l e s , a n d c h a m a e r r h i n y o f t h e f e m a l e s . T h e n a s a l s p i n e is 
g e n e r a l l y mi s s ing , b u t if f o u n d it m a y s h o w a l m o s t e v e r y d e g r e e . T h e fac ia l a n g l e 
p r o f i l e is u n i f o r m l y o r t h o g n a t h o u s , a l v e o l a r p r o g n a t h i s m m a n i f e s t i n g i tself o n l y 
r a r e l y . T h e s t a t u r e is ve ry v a r i a b l e f o r b o t h s e x e s ; a ta l l s t a t u r e is c o m p a r a t i v e l y 
f r e q u e n t in b o t h m a l e s a n d f e m a l e s ( T a b l e 4) . 
S u t u r a m e t o p i c a o c c u r s in t w o c a s e s ( g r a v e s 19 a n d 154) a n d l a m b d o i d s u t u r a i 
b o n e s ( g r a v e 9 2 ) a n d o s a p i c i s ( g r a v e 124) in o n e c a s e e a c h . I n d i v i d u a l m e a s u r e m e n t s 
a n d ind ices a r e t o b e f o u n d in T a b l e s 2 a n d 3, a n d t h e m e a s u r e m e n t s o f l o n g b o n e s 
in T a b l e 4. 
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Table 2. Rakoczifalva-Kastclydomb, Avar period; measurements, indices and 
morphologic characters. — Males (1). 
No. of 7. 28. 
measurements Measurements and indices 3519 2532 
(Martin) Ad. Mat. 
1. Glabello-occipital length 177 
1c. Metopion-occipiial length 176 
5. Basion-nasion length — 
8. Maximum breadlh of cranium 137 
9. Minimum frontal breadth 93 90 
17. Basion-bregma height — 
20. Porion-bregma height 117 
32/1-a 49 
38. Calculated cranial capacity _ 
40. Basion-prosthion length — 
45. Bizygomatic breadth — 135 
46. Maxillar breadth 101 95 
47. Fotal facial height (123) (119) 
48. Upper facial height 72 70 
51. Orbital breadth 38 36 
52. Orbital height 31 33 
54. Nasal breadth 26 27 
55. Nasal height 51 52 
62. Palatal length 42 48 
63. Palatal breadth 37 35 
65. Bicondylar-diameter 128 
66. Bigonial-diameter 103 
69. Mental height 37 37 
70. Ramus height 75 66 
71. Ramus breadth 29 29 
72. Total facial angle 85" — 
8:1 Cranial index 77.4 
17:1 Length-height index — 
17:8 Breadth-height index 
9 : 8 Transvers.-frontopar. index 67,9 
47:45 Facial index (88,2) 
48:45 Upper facial index 51,8 
52:51 Orbital index 81,6 91,7 
54:55 Nasal index 50,9 51,9 
63:62 Palatal index 88,1 72,9 
Vertical norm . Pent. 
Glabella 3 3 
Protuberant ia occipitalis externa 1 
Fossa canina 3 2 
Spina nasalis anter ior 4 
Prognathia alveolaris 2 I 
Calculated stature 160 166 
Taxon m-moid (moid) 
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Males (2). 
50. 54. 91. 92. 154. No. of 
3553 3556 3581 3582 3630 measurements 
Mat. Mat. Mat. Mat. Mat. (Martin) 
177 — 172 180 1. 
— 174 — 166 178 Ic. 
— 104 — — 98 5. 
145 146 — 147 150 8. 
84 103 100 103 100 9. 
— 143 — — 129 17. 
115 120 — 117 110 20. 
53 ' 53° — 50 ' 50 ' 32/1-a. 
— 1503 — — 1449 38' 
— 102 — — 98 40. 
147 (143) 146 (144) 141 45. 
102 103 103 101 109 46. 
128 126 — 118 — 47. 
76 78 75 75 76 48. 
38 43 40 43 39 51. 
34 36 34 39 31 52. 
25 28 28 24 27 54. 
56 54 55 54 57 55. 
48 52 — 48 46 62. 
43 41 — 42 — 63. 
132 — — 65. 
— I I I 132 118 — 66. 
38 34 31 37 69. 
66 76 73 68 70. 
29 34 — 27 36 71. 
90° 85° — 85° 86° 72. 
82,5 — 85.5 83,3 8 :1 
80,8 — — 71,7 17:1 
97,9 — — 86.0 17:8 
57,9 70,5 — 70,1 66,7 9 : 8 
87,1 (88,1) — (81,9) — 47 :45 
52,5 55,2 51.4 52,1 53,9 48 :45 
89,5 83,7 85.0 90.7 79,5 52:51 
44.6 51,8 50,9 44.4 47.4 54:55 
89,6 78,8 — 87,5 — 63:62 
Ovoid Ovoid — Ovoid Ovoid Vert. no rm. 
4 3 3 4 3 Glabella 
— 0 — 0 0 Prot. occ. ext. 
2 3 2 2 2 Fossa canina 
— 3 — — Spina n. ant . 
1 2 1 1 3 Progn. alv. 
170 — 170 - Stature 
crC-moid crC-moid crC-x crC-moid crC-moid Taxon 
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Table 3. Rakoczifalva-Kastelydomb. Avar period; measurements, indices and 
morphologic characters. — Females. 
No. of 19. 33. 35. 78. 124. 
measurement 3225 3538 3540 3570 3610 
(Martin) Ad. Ad. Mat. Mat. Ad. 
1. — 175 179 176 166 
10. — 169 175 175 161 
5. — 93 — 93 — 
8. (143) (140) 131 135 142 
9. 97 90 92 95 90 
17. — 127 — 126 — 
20. 106 .— 110 110 115 
32/1-a. 50" 48 50 43° 55" 
38. 1275 — 1222 — 
40. 95 — 90 — 
45. 139 — (117) 122 134 
46. 107 97 93 92 101 
47. 121 115 (114) — 114 
48. 71 69 66 77 67 
51. 42 39 34 39 39 
52. 34 34 31 34 32 
54. 27 25 23 26 27 
55. 49 48 45 54 51 
62. 44 44 45 45 48 
63. 41 39 — 35 34 
65. 120 — — — — 
66. 100 101 — — 93 
69. 32 32 35 32 31 
70. 62 64 63 71 66 
71. 33 31 32 28 34 
72. 90 88 90° 88" 86" 
8 :1 — 80.0 73.2 76.7 85.5 
17:1 — 72.6 — 71.6 — 
17:8 — 90,7 — 93.3 — 
9 : 8 67.8 64.3 70.2 70.4 63.4 
47 :45 87.1 — 97.4 — 85.1 
48:45 51.1 — 56.4 63.1 50.0 
52:51 80.9 87.2 91.2 87.2 82.1 
54:55 55.1 58.3 51.1 48.1 52.9 
63 :62 93.2 88.6 — 77.8 77.1 
Vert. norm. Ovoid Pent. Pent. Ovoid 
Glabella 2 1 2 1 1 
Prot. occ. ext. — 0 — 0 2 
Fossa canina 1 2 1 1 2 
Spina n. an t . 2 2 — 3 
Prog alv. 1 2 7 2 1 
Sta ture 159 155 159 160 
Taxon sa br-moid b - x m—x p-moid 
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Table 4. Rakoczfalva-Kastelydomb, measurements of long bones and the 
calculated stature. 
Femur 





Tibia Humerus Radius Statu-
re 
right left tight left righ left righ lefl righ lefl 
Avar period 
7. 3519 * 432 430 430 426 _ 317 160 
19. 3525 9 423 423 420 420 — — 304 295 225 230 159 
28. 3532 KJ 450 450 448 441 370 372 — 310 248 166 
32/a. 3536 9 — 460 — 455 — — 322 318 — 161 
33. 3538 9 408 410 405 408 345 343 298 — — 155 
50. 3553 a" 463 465 450 460 390 387 335 334 262 260 170 
68. 3564 a* 465 465 460 460 394 394 — 171 
78. 3570 9 443 445 438 438 355 355 320 315 235 — 159 
92. 3582 d* 482 487 480 482 — 390 335 — 253 253 170 
I I I . 3600 o* 415 415 410 410 363 360 162 
118. 3604 d' 442 445 438 440 — — 325 250 250 166 
124. 3610 9 410 413 408 409 348 350 305 298 226 223 160 
10th century 
20. 3526 9 405 405 403 403 340 340 295 288 228 154 
25. 3530 9 404 408 402 404 330 333 306 306 223 220 154 
T a x o n o m i c ana ly s i s of the Ava r per iod ske le t a l r e m a i n s 
A s c o m p a r e d t o t he n u m b e r o f e x c a v a t e d c r a n i a a n d p o s t c r a n i a l s k e l e t o n s , u n f o r -
t u n a t e l y o n l y ve ry f e w o f t h e a n t h r o p o l o g i c a l finds a r e in a g o o d s t a t e o f p r e s e r v a t i o n 
a n d s u i t a b l e f o r t a x o n o m i c a n a l y s i s : s even m a l e s a n d five f e m a l e s , i.e. twe lve ind i -
v i d u a l s a l t o g e t h e r . T a x o n o m i c a n a l y s i s w a s b a s e d o n t h e s k e l e t a l s y s t e m a t i c s o f 
o n e o f t h e a u t h o r s (LIPTAK, 1965; 1971). N i n e o f t he t w e l v e i n d i v i d u a l s s t u d i e d a r e 
Europids b u t w i t h m o r e o r less M o n g o l i d e l e m e n t s . In t h e g r o u p o f E u r o p i d s ta l l -
s t a t u r e d b u t b r a c h y c r a n i c C r o m a g n o i d s ( c r C ) p r e d o m i n a t e ; t h e s e o c c u r r e d o n l y 
a m o n g the m a l e s ( F i g . I), a l m o s t w i t h o u t e x c e p t i o n w i t h a c e r t a i n p r o p o r t i o n o f 
s o m e M o n g o l i d rac ia l c o m p o n e n t . T h e p r o p o r t i o n o f t h e g r ac i l e M e d i t e r r a n e a n 
c o m p o n e n t ( m ) is s u b o r d i n a t e in b o t h sexes , a s a r e t h o s e o f t h e P a m i r i a n (p ) a n d 
the u n d e t e r m i n e d b r a c h y c r a n i c c o m p o n e n t s in t h e f e m a l e s ( F i g s . 2 a n d 3). 
T h r e e ( r e s p . f o u r ) i n d i v i d u a l s c o u l d b e c lass i f ie ld in t h e g r o u p M o n g o l i d s . 
O n t h e b a s i s o f t h e c r a n i o s y s t e m a t i c s a l r e a d y w e l l - e l a b o r a t e d f o r t h e A v a r s in H u n -
g a r i a n t e r r i t o r y (LIPTAK, 1957; 1959), in o n e o f t h e ca ses ( g r a v e 35) t h e d o l i c h o c r a n i c 
p r o t o m o n g o l i d B a i k a l ( b ) r a c e , c o u l d b e r e c o g n i z e d , a n d in t h e o t h e r c a s e ( g r a v e 19) 
t h e l o w - f a c e d M o n g o l i d r ace . In t h e Sovie t a n t h r o p o l o g i c a l l i t e r a t u r e , t he l a t t e r 
h a s been n a m e d " K a t a n g a t y p e " , b u t s ince t h i s is a l s o a r ive r n a m e in A f r i c a , ii 
Fig. I. Rákóczifalva—Kaslélydomb. Avar period, grave 54 (3556), male crC-moid. 
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Fig. 2. Rákóczifalva—Kaslélydomb. Avar period, grave 33 (3538), female, br-moid. 
Fig. 3. Rakoczifalva—Kasti lydomb, Avar period, grave 124 (3610). female, p-x(moid). 
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m a y g ive r ise t o m i s u n d e r s t a n d i n g . In A s i a , t h i s a n t h r o p o l o g i c a l c o m p o n e n t is 
f r e q u e n t a m o n g t h e p o p u l a t i o n s l iv ing in t he S a i a n - m o u n t a i n s : t h e S a i a n i c M o n g o l i d 
c o m p o n e n t h a s been m e n t i o n e d b y Sovie t a n t h r o p o l o g i s t s ; a c c o r d i n g l y , i n s t e a d o f 
t h e d e s i g n a t i o n " T u n g i d t y p e " , wh ich is w i d e - s p r e a d in t h e H u n g a r i a n a n t h r o p o l o g i -
ca l l i t e r a t u r e , t he n a m e S a i a n i c ( sa ) r ace s e e m s a d v i s a b l e ( F i g . 4) b e c a u s e o f t h e 
f r a g m e n t a r y c o n d i t i o n o f t h e c r a n i u m it is n o t o r i e n t e d in t h e F r a n k f u r t h o r i z o n t a l 
p l a n e . In a s ing le c a s e (g rave 28) t h e M o n g o l i d c h a r a c t e r is u n q u e s t i o n a b l e b u t , 
d u e t o t h e d e f e c t i v e c r a n i u m , a m o r e e x a c t d e t e r m i n a t i o n is n o t pos s ib l e . T h e r e w a s 
a M o n g o l i d c r a n i u m in t h e f r a g m e n t a r y , i.e. u n m e a s u r e d m a t e r i a l , b u t th i s w a s 
no t d e t e r m i n e d m o r e c lose ly ( g r a v e 39). Bo th a b o v e m e n t i o n e d rac ia l c o m p o n e n t s 
a r e c h a r a c t e r i s t i c o f t h e A v a r p e r i o d c e m e t e r i e s in H u n g a r y . 
T h e n u m b e r o f c r a n i a in a g o o d s t a t e o f p r e s e r v a t i o n b e i n g o n l y twe lve , t h i s 
s m a l l ser ies is h a r d l y s u i t a b l e f o r d r a w i n g f a r - r e a c h i n g c o n c l u s i o n s . T h e c e m e t e r y 
is i m p o r t a n t a n t h r o p o l o g i c a l l y , a s t h e m a t e r i a l in a g o o d s t a t e o f p r e s e r v a t i o n c l e a r l y 
i n d i c a t e s i ts d e f i n i t e M o n g o l i d o r E u r o p o - M o n g o l i d c h a r a c t e r . T h i s c e m e t e r y n o t 
o n l y s t e m s f r o m t h e A v a r - p e r i o d bu t a l s o invo lves A v a r s i m m i g r a t i n g t o t h e C a r p a t h i -
a n Basin f r o m the i nne r r eg ions o f A s i a . 
A s e g r e g a t i o n o f g r o u p s w i t h i n t he c e m e t e r y is n o t p o s s i b l e o n t h e b a s i s o f t he 
a n t h r o p o l o g i c a l m a t e r i a l . A c o m p a r i s o n w i t h o t h e r A v a r - p e r i o d c e m e t e r i e s s u c h 
a s t h o s e a t Ü r b ő p u s z t a (LIPTÁK, 1951), K i s k ö r ö s — V á g ó h í d (NEMESKÉRI. 1955) a n d 
K i s k ő r ö s — P o h i b u j m a c k ó (LIPTÁK, 1956) — is m a d e pos s ib l e b y T a b l e 5. 
A p a r t f r o m the 72 A v a r - p e r i o d g r a v e s , n ine e a r l y A r p a d i a n - A g e ( 1 0 t h c e n t u r y ) 
g r a v e s w e r e f o u n d a s wel l . F r o m these , t w o s k e l e t o n s a r e in a g o o d s t a t e o f p r e s e r -
v a t i o n ( T a b l e 6 ) . a n d seven a r e f r a g m e n t a r y o n e s . T a x o n o m i c a n a l y s i s i n d i c a t e s t h e 
i n d i v i d u a l f r o m g r a v e 2 0 t o b e p r e d o m i n a n t l y M e d i t e r r a n e a n (F ig . 5), w h i l e t h a t 
f r o m g r a v e 2 5 s h o w s M o n g o l i d c h a r a c t e r , n o t d e t e r m i n e d m o r e c lose ly ( F i g . 6) . 
T h e p r e s e n c e o f t h e M o n g o l o i d e l e m e n t is p r o v i n g t h a t t h e A v a r p o p u l a t i o n s u r v i v e d 
in t h e 10th c e n t u r y , a s h a s been p r o v e d in t he c a s e o f t h e c e m e t e r y a t S z a r v a s — K á k a -
p u s z t a — K e t t ő s h a l o m (LIPTÁK—MARCSIK, 1970). 
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Tabic 6. Rákóczifalva-Kastélydomb, 10th century; 
measurements, indices and morphologic characters. — Females. 
No. of 20. 25. 
measurements Measurements and indices 3526 3530 
(Martin) Ad. Ad. 
1. Glabello-occipital length 176 170 
Ic. Metopion-occipital length 177 169 
5. Basion-nasion length 96 92 
8. Maximum breadth of cranium 132 137 
9. Minimum frontal breadth 88 94 
17. Basion-bregma height 131 126 
20. Porion-bregma height 110 108 
32/1-a. Fontal angle 48 50 
38. Calculated cranial capacity 1258 1240 
40. Basion-prosthion length 92 85 
45. Bizygomatic breadth 124 127 
46. Maxillar breadth 93 91 
47. Total facial height 107 112 
48. Upper facial height 64 71 
51. Orbital breadth 39 38 
52. Orbital height 31 33 
54. Nasal breadth 22 26 
55. Nasal height 44 50 
62. Palatal length 41 39 
63. Palatal breadth 36 34 
65. Bicondylar-diameter 119 II I 
66. Bigonial-diameter 96 90 
69. Mental height 28 31 
70. R a m u s height 65 60 
71. Ramus breadth 32 28 
72. Total facial angle 85° 88° 
8:1 Cranial index 75,0 80.6 
17:1 Length-height index 74,4 74.1 
17:8 Breadth-height index 99.2 91,9 
9 : 8 Transvers . - f rontopar . index 66,7 68.6 
47 :45 Facial index 86,3 88,1 
48 :45 Upper facial index 51,6 55,9 
52:51 Orbital index 79,5 86.8 
54:55 Nasal index 50,0 52"0 
63:62 Palatal index 87.8 87,2 
Vertical norm . Pent. Ovoid 
Glabella 1 2 
Protuberant ia occipitalis externa 0 0 
Fossa canina . . 2 3 
Spina nasalis anter ior 2 2 
Prognathia alveolaris 1 2 
Calculated stature 154 154 
Taxon m-x moid 
Fig. 4. Rakoczifalva—Kaslelydonib. Avar period, grave 19 (3526). female, sa. 
Fig. 5. Rákóczifalva—Kaslclydomb. lOth century, grave 20 (3526). female, m-x. 
Fig. 6. Rakoczifalva—Kastelydomb, 10th century, grave 25 (3530), female, moid. 
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Abs t r ac t 
Ai excavating a part of cemetery by Kunszállás—Fülöpjakab (Alkotmány co-operative farm), 
the skeletons of fifty graves could be preserved. A detailed metrical, morphological and taxonomic 
analysation of these was carried out already earlier. At the paleopathological evaluation of the 
series we found the deformation spondylosis deformans in largest numbers, and in smaller numbers 
osteoporosis, arthrosis deformans, spondylarthrosis, congenital anomalies and, in a single case, 
block-vertebra. These deformations are limited to the skeletons of ten individuals. Eight of the ten 
individuals are placed beside one another on the sketch map of cemetery — almost semicircularly. 
This incidence , as well as the connection according to an earlier blood group determination are 
showing the eight individuals to belong possibly to the same relation circle. Beside the skeletons 
showing the most serious deformations, we find a poorer grave furniture — as compared to the 
average of the cemetery. 
In t roduc t ion 
F r o m t h e r e g i o n o f K u n s z á l l á s — F ü l ö p j a k a b ( A l k o t m á n y c o - o p e r a t i v e f a r m ) , 
ELVIRA H . TÓTH ( M u s e u m o f K e c s k e m é t ) u n e a r t h e d a p a r t o f a l a te A v a r - a g e 
c e m e t e r y in 1967 a n d 1970. T h e g r a v e s a r e r ich in f u r n i t u r e : t h e r e c a m e t o l i gh t 
g o l d , s i lver , b r o n z e g o o d s , t h o n g e n d s , a s w o r d , a n d a n i m a l b o n e s ( H . TÓTH, 1968; 
1971). 
T h e m e t r i c a l a n d m o r p h o - t a x o n o m i c e l a b o r a t i o n o f t h e d a t a o f a l t o g e t h e r 
fifty i n d i v i d u a l s w a s c a r r i e d o u t b y LIPTÁK—VARGA (1974) a l r e a d y ea r l i e r , t he i r 
m o s t i m p o r t a n t finds a r e a s f o l l o w s : 
31 o f t h e 50 i n d i v i d u a l s (62 p e r c e n t ) a r e in a g o o d s t a t e o f p r e s e r v a t i o n , n i n e 
o f t h e s e a r e m a l e s , e i g h t e e n f e m a l e s whi le t he n u m b e r o f t h e u n d e t e r m i n a b l e o n e s 
is f o u r ( In f . II) . O n t h e bas i s o f met r i ca l v a l u e s a n d m o r p h o l o g i c a l f e a t u r e s , t h e 
t a x o n o m i c a n a l y s i s is s h o w i n g t h e f o l l o w i n g d i s t r i b u t i o n o f t h e s ix teen a d u l t s : 
t h e M o n g o l i d s a r e p r e d o m i n a n t , i . e . , C e n t r a l - A s i a t i c ( ca ) , B a i k a l (b) , a n d 
S a i a n i c ( s a ) o n e s . T h e r e f o l l o w t h e n t h e E u r o p o - M o n g o l i d s w h o s e m o r e e x a c t 
s e p a r a t i o n w a s n o t p o s s i b l e . It is i n t e r e s t i ng t h a t t h e E u r o p i d g r e a t r a c e is o n l y 
r e p r e s e n t e d by a s ingle c a s e , m o r e exac t ly a C r o m a g n o i d - B (c rB) . T h e a u t h o r s h a v e 
d e s c r i b e d t h e a n a t o m i c a l v a r i a t i o n s o f t h e c r a n i a in t h e ser ies (os b r e g m a t i c u m , 
s u t u r a m e t o p i c a , W o r m ' s b o n e s , t o r u s p a l a t í n u s ) , a n d the d i f f e r e n t m o r p h o l o g i c a l 
f e a t u r e s ( u n u s u a l l y d e e p p a l a t e , s p a t u l a t e inc i so rs ) , a s we l l , t h a t ca l l ed a t t e n t i o n t o 
a n a l y s e t h e p a r t o f c e m e t e r y p a t h o l o g i c a l l y . T h a t i n v e s t i g a t i o n w a s c a r r i e d o u t 
b o t h o n t h e p o s t c r a n i a l s k e l e t o n s a n d the c r a n i a , a n d in s o m e c a s e s w e c o r l d s t u d y 
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t h e m o r p h o l o g i c a l l y w e l l - d i s t i n g u i s h a b l e p a t h o l o g i c a l d e f o r m a t i o n s b y m e a n s o f 
X - r a y p i c t u r e s . ( T h e X - r a y p i c t u r e s w e r e m a d e in H o s p i t a l II o f t h e T o w n C o u n c i l , 
Szeged , a n d T o w n P o l y c l i n i c f o r Spec ia l i s t C o n s u l t a t i o n , f o r w h a t w e s h o u l d l ike 
t o e x p r e s s o u r g r a t i t u d e in th i s w a y , t o o ) . 
Discuss ion of palaeopathological deformations 
G r a v e 4 9 ( A d . , f e m a l e ) : o n the r i m o f t h e c o r p o r a o f v e r t e b r a e w e see 
a w e a k o s t e o p h y t e - f o r m a t i o n . L u m b a r v e r t e b r a e 2 a n d 3 a r e w o r t h m e n t i o n i n g : 
t h e i r p r o c e s s u s a r t i c u l a r e s a r e oss i f ied c o m p l e t e l y , a s wel l a s t h e m i d d l e p a r t o f t h e i r 
c o r p o r a (F ig . 1). T h e h e i g h t o f t h e c o r p u s o f l u m b a r v e r t e b r a 3 is s m a l l e r t h a n t h a t 
o f v e r t e b r a 2, t h e m i d d l e p a r t o f t h e f o r m e r o n e is c o n o i d a l l y h i g h a n d t h e c o r p u s 
1. Grave 49 (Ad., female) — block vertebra. 
2. Grave 49 (Ad., female) — fossalike impression of the corpus of dorsal vertebra 12. 
o f v e r t e b r a 2 is q u a s i " d r a w n o v e r t h a t , go t w e d g e d in i t . In t h a t sp ina l s e c t i o n , 
in t h e c o r p u s o f l u m b a r v e r t e b r a 3, o n i ts s u r f a c e b y t h e v e r t e b r a l c a n a l , a d e e p 
f o s s a l i k e f o r m a t i o n m a y b e o b s e r v e d . A s i m i l a r f o r m a t i o n is t o b e seen in t h e las t 
d o r s a l v e r t e b r a , a s well ( F i g . 2 ) ; t h e d i f f e r e n c e lies in t h a t , in t h i s c a s e , t h e d e e p 
i m p r e s s i o n , s p o l i n g t o w a r d s t h e v e r t e b r a l f o r a m e n , is i m b e d d i n g a f o r a m e n b y t h e 
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v e r t a b r a l c a n a l . ( T h i s f o r a m e n m a y , o f c o u r s e , h a v e c o m e i n t o b e i n g in a p o s t m o r t a l 
w a y , a s well) . In ce rv i ca l v e r t e b r a 3, o n t h e r i g h t , t h e f o r a m e n t r a n s v e r s a r i u m is 
d i v i d e d b y a n a r r o w b r i d g e . 
— s p o n d y l o s i s d e f o r m a n s ; 
— p a r t i a l b l o c k ; 
— c o n g e n i t a l a n o m a l y . 
3. Grave 7 (Sen., female) — spondylarthrosis. 
4. Grave 7 (Sen., female) — osteoporotic vertebra. 
G r a v e 7 ( S e n . , f e m a l e ) : in t h e e p i s t r o p h e u s , in i ts lef t p r o c e s s u s a r t i c u l a r i s 
i n f e r i o r , t h e s h a p e o f t h e a r t i c u l a r s u r f a c e s is d e f o r m e d , wi th sma l l f o r a m i n a o n i t s 
s u r f a c e ; t h e left f ac ies a r t i c u l a r i s s u p e r i o r et i n f e r i o r o f ce rv i ca l v e r t e b r a 3 a n d the 
left f ac ies a r t i c u l a r i s i n f e r i o r o f ce rv i ca l v e r t e b r a 4 a r e d e f o r m e d , o n t h e r i m s o f 
c o r p o r a t h e r e is c r e n a t i o n t o be o b s e r v e d , a n d a t t h e s u r f a c e t h e r e a r e e v e r y w h e r e 
t iny , s m a l l e r o r l a r g e r f o r a m i n a ( F i g . 3 ) ; in t h e o t h e r ce rv ica l v e r t e b r a t h e r e a r e t h e 
d e f o r m a t i o n s d e s c r i b e d a b o v e b u t in a m o r e s e r i o u s o u t w a r d f o r m ( F i g . 4 ) ; t h e 
s p o n g i o u s s u b s t a n c e o f t he c o r p u s o f d o r s a l v e r t e b r a 9 is c h a r a c t e r i s t i c a l l y d e p r e s s e d , 
wi th o s t e o p h y t e - f o r m a t i o n o n the r im (F ig . 5), b e l o w t h e s e r r a t e d z o n e , a t t h e e x t e r -
nal s u r f a c e t h e r e is l o n g i t u d i n a l p l i c a t i on w i t h s m a l l f o r a m i n a f o u n d o n t h e s u r f a c e 
of p r o c e s s u s a r t i c u l a r i s s u p e r i o r et i n f e r i o r , a s wel l . In t h e r ight f e m u r , t h e f o v e a 
cap i t i s is e x t e n s i v e a n d f o r a m i n i f e r o u s , w i t h r a re f i ed fields in i ts X - r a y p i c t u r e ( F i g . 
6 ) ; in t h e left f e m u r a s e r i o u s d e f o r m a t i o n c a n b e seen : t h e c a p u t f e m o r i s is flattened. 
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5. Grave 7 (Sen., female) — spondylosis deformans. 
6. Grave 7 (Sen., female) — osteoporotic rarefaction in the X-ray photograph of the femur. 
r e m i n d i n g o f a m u s h r o o m - h e a d , a n d d e f o r m e d , w i t h a n u m b e r o f s m a l l e r o r l a r g e r 
f o r a m i n a o n t h e s u r f a c e ( F i g . 7 ) ; t h e c o x a is o f v a r a p o s i t i o n , in t he left a c e t a b u l u m , 
t h e fac ies l u n a t a a n d f o s s a a c e t a b u l i a r e a l m o s t m e l t e d w i t h s m a l l e r o r l a r g e r i m p r e s -
s i o n s in t h e m , w i t h p o r o u s z o n e s (F ig . 8), o n t h e l i m b u s w i t h s p o n g y l a y i n g o n : 
t h e r e is f u r t h e r p o r o s i t y in t he fac ies a u r i c u l a r i s a n d ra r i f i ed z o n e s in t h e X - r a y 
p i c t u r e o f pe lv is ( F i g . 9 ) ; o n the le f t c a p u t h u m e r i t h e r e is a w e a k c r e s t - f o r m a t i o n . 
T h e C a / P q u o t i e n t o f b o n e s is b e l o w t h e a v e r a g e v a l u e o f all t h e i n d i v i d u a l s o f t h e 
c e m e t e r y (VARGA, M S . o f U n i v . d o c t . diss .) . T h e b o n e s a r e e x t r e m e l y l igh t . O n t h e 
Grave 7 (Sen., female) — arthrosis deformans of the left femur and osteoporosis in the caput. 
8. Grave 7 (Sen., female) — porosity of the left acetabulum. 
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9. Grave 7 (Sen., female)— rarefied zones in the X-ray photograph of the unilateral pelvis. 
a t l a s , t h e t w o a r c u s p o s t e r i o r e s d o n o t c lo se , in t h e p l a c e o f t h e t u b e r c u l u m p o s t e r i u s 
a n a r r o w g a p is t o be seen ( F i g . 10); l u m b a r v e r t e b r a 5 is oss i f ied w i t h t he s a c r u m . 
— s p o n d y l o s i s d e f o r m a n s ; 
— s p o n d y l a r t h r o s i s ; 
— c o x a r t h r o s i s 1. s ; 
— o s t e o p o r o s i s ; 
— c o n g e n i t a l a n o m a l i e s : s p i n a b i f i da a l l a n t i s p o s t e r i o r a n d s a c r a l i s a t i o . 
G r a v e 9 ( M a t . - S e n . , m a l e ) : in t h e ( d o r s a l ) v e r t e b r a e t he c o r p u s d e p r e s s e d 
u n i f o r m l y , v e n t r a l r a r e f a c t i o n ( F i g . 11); f o s s a - a n d r i m - f o r m a t i o n ( F i g . 12); f o r a m i n a 
s a c r a l i a a n t e r i o r a 2 a r e l a rge a n d h o l l o w , a s c o m p a r e d w i t h t he o t h e r s ; in t h e p r o x i m a l 
p a r t o f b o t h rad i i a n d u l n a e (F ig . 13), t he t u b e r c u l u m m a i u s a n d m i n u s o f t h e r igh t 
h u m e r u s , a s well a s t h e t r o c h l e a a n d c a p i t u l u m h u m e r i a r e s t r o n g l y d e f o r m e d ; t h e 
f o s s a o l e c r a n i is e x t r e m e l y b r o a d ; t h e left c a p u t h u m e r i is f la t , d e f o r m e d : o n b o t h 
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10. Grave 7 (Sen., female) — spina bifida atlantis posterior. 
II . Grave 9 (Mat.—Sen., male) — rarefaction ib the X-ray photograph of the vertebra. 
12. Grave 9 (Mat.—Sen., male) — spondylosis deformans. 
13. Grave 9 (Mat—Sen. , male) — arthrosis deformans in the proximal part of the radius. 
h u m e r i , t he z o n e a b o v e the e p i c o n d y l u s l a t e ra l i s is b r o a d a n d t h i n ; t h e m i d d l e p a r t 
o f t h e r igh t h u m e r u s is b e n t , o n it t h e r e is an o u t l e t ( F i g . 14); b o t h rad i i a n d fibulae 
a r e b e n t ; t h e a c r o m i a l e x t r e m i t y o f t h e left c l av i c l e is ve ry b r o a d a n d t h i n ; o n t h e 
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g l eno i t l a l c a v i t y o f t h e lef t s c a p u l a a n d i ts v e n t r a l r i m s p l i t i n g is t o b e s e e n ; o n t h e 
r ight c l av i c l e , in t h e a r e a b e t w e e n t h e c o r p u s a n d t h e a c r o m i a l e x t r e m i t y t h e r e is a n 
" S " - s h a p e d c u r v a t u r e ( F i g . 15) ; b y m e a n s o f t h a t , t h e l e n g t h o f c l a v i c l e is 3 c m 
s m a l l e r t h a n t h a t o n t h e l e f t . 
— s p o n d y l o s i s d e f o r m a n s ; 
— a r t h r o s i s d e f o r m a n s ; 
— s t a t u s p o s t f r a c t u r a m ( c l a v i c l e ) ; 
— o s t e o p o r o s i s ( o s t e o p o r o m a l a c i a ? ) . 
G r a v e 6 ( A d . , m a l e ) : o s t e o p h y t e - f o r m a t i o n a t t h e r i m s o f v e r t e b r a e . 
.— s p o n d y l o s i s d e f o r m a n s ; 
14. Grave 9 (Mat.—Sen., male) — status post f racturam in the left humerus. 
15. Grave 9 (Mat.—Sen., male) — status post fracturam in the right clavicula. 
16. Grave 8 (Mat.—Sen., female) — atrophia symm. senilis. 
17. Grave 50 (Mat. , female) — canalis sacralis apertus. 
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G r a v e 8 ( M a t . - S e n . , f e m a l e ) : exos tos is o n t he rim o f v e r t e b r a e : s y m -
metr ica l a t r o p h i c impress ion a n d p o r o u s zone in t he pa r ie ta l region o f t he c r a n i u m 
(Fig . 16). 
— spondy los i s d e f o r m a n s ; 
— o s t e o p o r o s i s ; 
G r a v e 9 ( S e n . , f e m a l e ) : o s t e o p h y t e - f o r n i a t i o n o n the r im o f v e r t e b r a e ; 
r a re fac t ion in t he long t u b u l a r b o n e s ; t he C a / P q u o t i e n t o f b o n e s is be low the a v e r a g e 
value o f the ind iv idua ls o f c e m e t e r a (VARGA, M S . , univ. doc t . diss.) . 
— spondy los i s d e f o r m a n s ; 
— o s t e o p o r o m a l a c i a 
G r a v e 2 0 ( M a t . - S e n . , m a l e ) : 
— spondy los i s d e f o r m a n s ; 
G r a v e 3 0 ( S e n . , f e m a l e ) : 
— spondy los i s d e f o r m a n s ; 
G r a v e 31 ( A d . - M a t . , f e m a l e ) : 
— cana l i s sacra l i s a p e r t u s ; 
G r a v e 5 0 ( M a t . , f e m a l e ) : 
— sacra l i sa t io et cana l i s sacra l i s a p e r t u s ; 
Evaluation of the pathological deformations 
Because o f the d i a g n o s t i c diff icul t ies k n o w n in t he p a l e o p a t h o l o g y , t he p a r -
t i cu la r diseases c a n n o t be s e p a r a t e d , we see on ly t he b o n e s y m p t o m s m a n i f e s t i n g 
o n l y a f t e r a p rogress of t he cl inical p ic tu re be ing a resul t o f t he d e g e n e r a t i v e d e f o r -
m a t i o n o f t he a r t i cu l a r d i sk . T h e f o r m a t i o n o f exos tos is in v e r t e b r a e p lays a pa r t 
b y t h e n a m e o f o s t e o p h y t o s i s ( M E R B S — W I L S O N , I 9 6 0 ; C H A P M A N , 1 9 7 2 ) , g e n e r a l l y 
howeve r as spondy los i s d e f o r m a n s (VYHNANEK, 1971; ACSADI—HARSANYI— 
NEMESKERI, 1962; TULSI, 1971); t he degenera t ive d e f o r m a t i o n s o f facies a r t i c u l a r e s 
b y t he n a m e o f o s t eoa r th r i t i s (MARBS—WILSON, I960) o r s p o n d y l a r t h r o s i s (ACSADI— 
HARSANYI—NEMESKERI, 1962); whi le t he cha rac te r i s t i c c h a n g e in s h a p e o f t he 
a r t i c u l a r ends o f the long t u b u l a r b o n e s as spondy los i s d e f o r m a n s (NEMESKERI— 
H A R S A N Y I , 1 9 6 0 ; R E G O L Y — M E R E I , 1 9 6 4 ; 1 9 6 5 ) . 
Spondy los i s d e f o r m a n s can be observed in case of e ight ind iv idua l s . A t f o u r 
ind iv idua l s of these — be ing o f h igher a g e of life ( M a t . - S e n . , resp. Sen. ) bu t w i t h o u t 
t he t races o f a n y o t h e r a r t i c u l a r d isease — the p h e n o m e n o n m a y be cons ide r ed a s a 
p rocess c o n n e c t e d wi th t he a g e (JULKUNEN—LEHTOVIRTA, 1968). In these cases , 
o n t he basis o f C h a p m a n ' s p a p e r (1972), the o s t e o p h y t e - f o r n i a t i o n is of s t r e n g h t I I I , 
resp. IV. T h o s e in graves 6 a n d 49 a r e o f y o u n g e r a g e (Ad . ) , t he e x o s t o s i s - f o r m a t i o n 
c a n , t he r e fo re , be r ega rded as a pa tho log ica l d e f o r m a t i o n . ( T h a t in g rave 6 is c o r r e -
s p o n d i n g t o s t r eng th III , t h a t in g r a v e 49 t o s t r eng th II). 
W e have necessar i ly t o e m p h a s i z e t he spondy l i t i c d e f o r m a t i o n o f the ske l e ton 
in g r a v e 7 in sp i te o f t he o ld age o f t he indiv idual (Sen. ) as in t he ske le ton the t r aces 
of a mul t ip le a r t h r o p a t h y can be s e e n : in t he cervical v e r t e b r a e s p o n d y l a r t h r i t i s , 
a n d in the a r t i c u l a t i o coxae a r t h r o s i s d e f o r m a n s . A p a r t f r o m the s e r ious a r t h r o -
p a t h y , we have , howeve r , to f ace t he p h e n o m e n o n of o s t e o p o r o m a l a c i a . as well . 
F r o m the X- r ay p i c tu re o f t he uni la te ra l pelvis even m y e l o m a mul t ip lex c o u l d be 
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c o n c l u d e d bu t t he c r a n i u m h a s n o a l t e r a t ion a t all a n d at the s a m e t ime the d iagnos i s 
o f o s t e o p o r o m a l a c i a is c o n f i r m e d by the r e ra fac t ion seen in t he long t u b u l a r bones , 
t he po ros i t y of a c e t a b u l u m a n d c a p u t f e m o r i s visible even to t he n a k e d eye, t h e lower 
va lue o f t he quo t i en t C a / P . In t he p a p e r of MERBS—WILSON ( I960) , we c a n see a n 
o s t e o p o r o t i c ve r tebra l s u r f a c e c o r r e s p o n d i n g to o u r case. A c c o r d i n g t o HOLLÓ 
(1967), t he a r t h r o t i c p rocess c a n be c o n n e c t e d wi th os t eoporos i s . In o u r case , of 
cou r se , we c a n n o t dec ide o n the s equence p r o b l e m of t he t w o processes . 
In ske le ton N o . 9 , in a d d i t o n t o t he typical d e f o r m i t y o f the a r t h r o s i s d e f o r m a n s 
seen in t he a r t i c u l a t i o cub i t i a n d a r t i cu la t io r ad io -u lna r , t he t races o f f r a c t u r e s 
{right h u m e r u s a n d right c lavicula) a r e r e m a r k a b l e . 
T h e d e f o r m a t i o n not iced m o r p h o l o g i c a l l y was c o n f i r m e d by the X- r ay p i c t u r e : 
" A s t r o n g d e f o r m a t i o n of t he right c lavicula is visible as a result o f a d o u b l e f r a c t u r e 
of t he c lav icu la . T h e b r o k e n e n d s have a g o o d j u n c t i o n , t he o s s e o u s r econs t ruc t i on 
is s t a t i s f ac to ry . In t he midd le thi rd pa r t of t he right h u m e r u s , a mild d e f o r m i t y 
o f t he b o n e m a y be obse rved as a result of a spiral f r a c t u r e . In the s a m e sec t ion of 
the b o n y s u b s t a n c e a s p o t t y agg rega t ion o f b o n e s t r u c t u r e a n d s p o t t y r a re fac t ion 
a p p e a r , as well as a fistula, t ha t m a y be eva lua t ed as a t race of a n os teomyel i t i s , 
s u p p o s e d l y be ing the result o f f r a c t u r e . " O n the basis of t he c u r v a t u r e of fibulae 
a n d radii ( the pelvis miss ing u n f o r t u n a t e l y ) , as well as the d e f o r m a t i o n s of ve r t eb rae , 
a n d a f t e r s t u d y i n g H o l l o ' s p a p e r (1967), we th ink o n the p rocess o f o s t e o p o r o m a l a c i a . 
T h e f r a c t u r e is a f r e q u e n t c o n c o m i t a n t of b o t h processes (RATKÓCZY, 1959). 
T h e s y m m e t r i c a l a t r o p h y of t he c r a n i u m o f indiv idual N o . 8, as well as t he 
r a re fac t ion of t he long b o n e s o f indiv idual N o . 10 c a n be r ega rded as a n o ld -age 
os t eoporos i s . W e find t he s y m m e t r i c a l a t r o p h y of c r a n i u m a l so in t he p a p e r of 
A C S Á D I — H A R S Á N Y I — N E M E S K É R I ( 1 9 6 2 ) , a l r e a d y m e n t i o n e d . 
A grea t m a y ve r t eb rae o f f e m a l e N o . 49 a r e missing. A b l o c k - f o r m a t i o n as 
d e v e l o p m e n t a l a n o m a l y m a y a n y w a y be e x c l u d e d : t he ve r t eb rae a r e no t fu l ly ossi-
fied, t he os tea l fossa is visible be tween t h e m (REGÓLY—MÉREI, 1962), a n d the re a r e 
to be t a k e n in to c o n s i d e r a t i o n the spondy l i t i c or igin (VYHNÁNEK, 1972), a n d the 
effect of m i c r o - t r a u m a t a a n d f r a c t u r e s , as well. 
F r o m a m o n g the d e v e l o p m e n t a l m a l f o r m a t i o n s , t he b ipa r t i t i on o f t he f o r a m e n 
i r ansve r sa r i um is r epresen ted in o n e , the spina bif ida a t l an t i s pos t e r i o r in o n e , sac-
ral isat io in two , cana l i s sacral is a p e r t u s s imi lar ly in t w o cases. In ind iv idua l N o . 50 
we can see t he j o in t o c c u r r e n c e o f sacra l i sa t io a n d cana l i s sacral is a p e r t u s , a n d in 
indiv idual N o . 7 tha t of sacra l i sa t io a n d sp ina bi f ida a t l an t i s pos te r io r . 
F r o m a m o n g these d e v e l o p m e n t a l m a l f o r m a t i o n s , sp ina bi f ida a t l an t i s pos t e r i o r 
is t he ra res t o n e , m o r e exac t ly it is s tud ied the least (VYHNÁNEK, 1971). T h e sp ina 
bif ida o f e p i s t r o p h e u s is m e n t i o n e d by FRY (1968); t he a r c u a t e fissure o f a l u m b a r 
v e r t e b r a i s r e p o r t e d o n b y T U L S I ( 1 9 7 2 ) , R E G Ó L Y — M É R E I ( 1 9 6 2 ) . T h e m o s t f r e q u e n t 
d e v e l o p m e n t a l m a l f o r m a t i o n s obse rved in a p a l a e o a n t h r o p o l o g i c a l ma te r i a l , a r e 
sac ra l i sa t io a n d cana l i s sacral is a p e r t u s (VYHNÁNEK, 1971; KENNETH A , BENNETH, 
1972). FEREMBACH (1963) w a s descr ib ing the la t te r p h e n o m e n o n u n d e r t he n a m e of 
sp ina bi f ida o c c u l t a . 
In o u r ma te r i a l , f r o m a m o n g the a b o v e cha rac t e r i zed d e f o r m a t i o n s t he highest 
c a s e - n u m b e r is r epresen ted by spondy los i s d e f o r m a n s a n d a l so the high n u m b e r o f 
o s t e o p o r o t i c cases a n d tha t o f d e v e l o p m e n t a l m a l n u t r i t i o n s is r e m a r k a b l e . T h e 
m a l f o r m a t i o n s f o u n d , d i s in tegra ted to cases , a r e s h o w n in T a b l e I. 
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Table / 
Character of malformation male female together 
spondylosis deformans 4 4 8 
arthrosis deformans I | 2 
spondylarthrosis — I | 
osteoporosis (ostooporomalacia. sen. atrophia) 1 3 4 
block vertebra — I | 
tatus post frakturam I — I 
congenital anomalies I 3 4 
to al 8 13 21 
It is v is ib le f r o m th i s T a b l e t ha t t h e seven k i n d s o f d e f o r m a t i o n s a r e o c c u r r i n g 
n u m e r i c a l l y in 21 c a s e s a n d a f f e c t i n g t n e i n d i v i d u a l s ( t h r e e m a l e s a n d seven f e m a l e s ) . 
VARGA ( M S . , un iv . d o c t . d i s s . ) c a r r i e d o u t b l o o d t y p i n g o f t h e s k e l e t o n s in t h e 
c e m e t e r y p a r t , a s we l l , a c c o r d i n g t o w h i c h b l o o d g r o u p B is p r e v a i l i n g in t he s e r i e s . 
( T h e d i s t r i b u t i o n o f t h e s ingle b l o o d types is g iven in T a b l e 2) 
Table 2 
A B 0 AB Total 
10 19 II 5 45 
(22,2 (42,6 (24,8 (11.1 
p. c.) P. c.) p. c.) p. c.) 
O n i h e bas i s o f t he c e m e t e r y m a p a n d k e e p i n g in v i ew F e h é r — F a r k a s ' s T a b l e 
(1956) a c c o r d i n g t o w h i c h , w i t h fu l l k n o w l e d g e o f t h e b l o o d t ypes , t h e p e r s o n o f 
f a t h e r c a n b e r e n d e r e d p r o b a b l e o r e x c l u d e d , t he e s t a b l i s h m e n t o f r e l a t i o n s h i p 
c o n n e c t i o n s w a s a t t e m p t e d . In t h a t w a y , t h r e e f ami l i e s w e r e s u p p o s e d t a k i n g p l a c e 
in t h e S W , N , a n d S E a n d N E p a r t s o f t he c e m e t e r y . T h e f a m i l y , m o r e e x a c t l y t he 
c i rc le o f r e l a t ives m a r k e d wi th N o . I , c o n t a i n i n g a m o n g o t h e r s g r a v e s 6 , 7, 8, 9, a n d 
10, a s we l l , a r e t o b e e m p h a s i z e d . T h e s e a r e l o c a t e d n e a r l y s e m i c i r c u l a r l y in t h e 
c e m e t e r y m a p a n d t h e i r r e l a t e d n e s s s e e m s t o b e c o n f i r m e d b y t ha t in f o u r o f t h e i r 
i n d i v i d u a l s t h e r e a r e o s t e o p o r o t i c p h e n o m e n a a n d r h e u m a t o i d s p o n d y l o s i s , a n d 
in c a s e o f t h e i n d i v i d u a l s o f g r a v e N o s . 7. a n d 9 t h e r e a r e t h e t r a c e s o f s e r i o u s a r -
t h r o p a t h y . O n t h e bas i s o f t he b l o o d t y p e s y s t e m , t h e i n d i v i d u a l s o f g r a v e s 7 a n d 9 
m a y b e r e g a r d e d a s p a r e n t s , t h e s is ter o f o n e o f t h e m b e i n g t h e i n d i v i d u a l o f g r a v e 
8 o r 10, wh i l e g r a v e 6 b e l o n g s t o t he s e c o n d g e n e r a t i o n . E v e n if t h e e x p r e s s i o n 
" f a m i l y " is t o o b o l d f o r t h a t g r o u p , t he iden t i ca l p a t h o l o g i c a l d e f o r m a t i o n s a n y w a y 
a l l o w u s t o s u p p o s e t h e i d e n t i c a l w a y o f life. T h e o s t e o p h y t e - f o r m a t i o n o f v e t e b r a e 
is e x p l a i n e d in a p a l a e o a n t h r o p o l o g i c a l m a t e r i a l m a i n l y w i t h t h e w a y o f l i fe o f e q u e s -
t r i a n p e o p l e (REGÖLY—MÉREI. 1962) b u t c o n c e r n i n g t h e a e t i o l o g y o f I he s e r i o u s 
a r t h r i t i c d i s ea se s a l s o t he h u m i d e n v i r o n m e n t m a y c o m e i n t o q u e s t i o n (WATERMANN, 
1971). A n d t h e v a l u e o f t h e q u o t i e n t C a / P a n d t h e o s t e o p o r o t i c p h e n o m e n a d r a w 
the a t t e n t i o n t o t h e n o n - s a t i s f a c t o r y f e e d i n g , a s wel l (HOLLÓ, 1967). 
T h e s e m i c i r c u l a r c o n t i n u a t i o n o f t he c e m e t e r y m a p d e s c r i b e d a b o v e is f o r m e d 
by g r a v e s 20 , 3 0 . a n d 31. T h a t is t o s a y , e igh t o f t he t en s k e l e t o n s t h a t a r e s h o w i n g 
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t h e p a t h o l o g i c a l d e f o r m a t i o n s c h a r a c t e r i z e d b y u s a r e l o c a t e d s e m i c i r c u l a r l y , f o l l o w -
ing o n e a n o t h e r . In t h e s k e l e t o n s o f t h e o t h e r t w o r e l a t i o n s h i p c i rc les w e h a v e 
f o u n d n o d e f o r m a t i o n s a l t h o u g h g r a v e s 49 a n d 50 a r e s ide b y s i de , in t h e S E p a r t 
o f t h e c e m e t e r y . 
A l l t h e g r a v e s d e s c r i b e d b y u s a r e c o n t a i n i n g g r a v e f u r n i t u r e . T h e i n d i v i d u a l s 
o f g r a v e s 7 a n d 9 , w h o a r e s h o w i n g t h e m o s t s e r i o u s d e f o r m a t i o n s , a r e p o o r in 
g r a v e f u r n i t u r e a s c o m p a r e d w i t h t h e a v e r a g e o f t h e c e m e t e r y . G r a v e s 6 a n d 2 0 
s h o w i n g o n l y t h e d e f o r m a t i o n o f s p o n d y l o s i s d e f o r m a n s a r e c o m p a r a t i v e l y r ich 
whi le t h e o t h e r six g r a v e s a r e m e d i o c r e , r e sp . p o o r o n e s in f u r n i t u r e . 
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